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ABSTRACT
PID controllers have been the most common type of compensators in the past and will
continue in the near future. Effort has been taken by researchers to develop simple
and systematic way to design these controllers.
This project aims to develop the algorithm for the tuning method that based on
Nyquist Stability Criterion and at later stage build a Neural Network Model to predict
the tuning parameters for the PID controller.
Recently, it has been revealed the possibility that the fine-tuning method based on
Nyquist Stability Criterion has the potential to output a satisfactory closed-loop
performance for a given continuous, linear system model. In addition, design of
compensator based on Nyquist Stability Criterion is simpler and more robust [3]. On
the other hand, Neural Network has become tremendously popular in the control
application due to its ability in adaptive learning and approximating function. By
implementing Nyquist Stability Criterion's tuning algorithm with Neural Network,
this will definitely enhance the process of tuning the PID controller.
In this project, the algorithm of the tuning method based on Nyquist Stability
Criterion is developed first. Then, data are generated to be used in training the neural
network. The NN is used to predict the tuning parameters of PID controller for
second order system. The whole project is implemented in MATLAB program.
The result obtained in this project has actually showed that the tuning rule based on
Nyquist Stability Criterion can fine-tune the PID controller and eventually improve
the closed-loop system. Meanwhile the NN model built has been able to predict the
parameters for PID controllerat the accuracyof 5% MSE.
In the final part of this report, conclusions are drawn and some future work for future
development is proposed.
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1.1 Background of Study
PID controller is by far the most commonly control algorithm used. It is reported that
95% of the controller system in the process application utilized PID type [1]. The
popularity of the PID controller is due to the simplicity of implementation,
robustness, and also wide range of applicability. In addition, it can be easily modified,
updated and relatively low cost. In PID controller, there are three adjustable
parameters that are the proportional term (Kp), integral term (Ki) and derivative term
(Kd). These parameters are necessary to be adjusted to appropriate values otherwise
the system performs poorly. For example, the system may become unstable. The




Figure 1 : The closed-loop feedback control system with the PID controller
The transfer function of PID controller is:
K:
GM = K,+ — + K*s (1.1)
where Kp is the proportional term, Ki is the integral terms and the Kd is the derivative
term that are the three adjustable parameters in the PID Controller.
1.2 Problem Statement
Although the actual structure of a PID controller is simple, systematically tuning a
PID controller can be a challenge. According to Dr.M.J. Willis, a random survey
conducted in 1998 on the PID controller in the industry has indicated [2]:
1. 30% of installed controllers operate manually.
2. 30% of loops increased variability
3. 25% of loops use default settings.
4. 30% of loops have equipment problems
The problem arise because the existing tuning techniques is suitable only for a small
subset of systems eitherdue to the shortages of the tuning rules itself, or because lack
of understanding of the user on the tuning procedures. For example, the Ziegler -
Nichols tuning rule as well has some limitations. The most significant shortages are;
the parameters are hard to be determined, too low damping, time consuming, and the
determination of only two parameters are not enough to give the optimal performance
of the PID.
1.3 Objectives and Scope of Study
1.3.1 Objectives
Severalobjectives have been drawn to be achieved at the end of the project:
1. To develop the algorithm of the fine-tuning method thatbased on the Nyquist
Stability Criterion for the PID controller.
2. To demonstrate that the fine-tuning method based on Nyquist Stability
Criterion can be used to optimize the performance of a system.
3. To build a Neural Network Model to fine tune the PID controller for a closed-
loop second order system.
4. To create a GUI control panel for the program developed.
1.3.2 Scope ofthe Study
The scope of theproject is to study thecharacteristics of the method in fme-tuning the
PID controller that based on the Nyquist Stability Criterion. The algorithm of the
method will be developed in m-file of Matlab program.
The program that has been developed will be used to generate data. The data is used
to train the Neural Network. In this project, the data are generated for second order
system. However, the data has to be processed first. This includes data segmentation,
performing ANOVA and Normal Distribution Test and lastly normalization of the




2.1 Proportional Integral and Derivative (PID) Controller
The three adjustable parameters of PID controller namely Kp, Kt and Kd has the effect
on the dynamics of the output response. A proportional control (Kp) can reduce the
rise time but will never eliminate the steady-state error. Meanwhile, an integral
control (Ki) can eliminate the steady-state error, but the trade off is that the transient
response will be worse. The derivative control (Kd) will have the effect of increasing
the stability of the system, reducing the overshoot, and improving the transient
response. In general, there is always a trade off that incurred when trying to improve
an element in the response through the adjustment of the parameters. Effects of each
of the controller parameters Kp, Kh and Kd ona closed-loop system are summarized in
the table shown:
Table 1 : Therelationship among the parameters in the PID controllers
Controller Rise Time Overshoot Settling Time S-S Error
K„ Decrease Increase Small Change Decrease
Ki Decrease Increase Increase Eliminate
Kd Small Change Decrease Decrease Small Change
2.2 Nyquist Stability Criterion
The Nyquist Stability Criterion is used to determine the stability of a system. It relates






Figure 2 : The closed-loop feedback system
From the figure above, the transfer function of the closed-loop systemis:
R(s) \ + KG(s)
and the closed-loop roots are the solutions of,




According to the argument principle, a contour will only encircle the origin if the
contour contains a singularity (pole or zero) of the function. If the evaluation contour
of s enclosing the entire Right-Half-Plane (RHP) contains a zero or pole of l+KG(s),
then the evaluated contour of l+KG(s) will encircle the origin. Notice, l+KG(s) is
just simply KG(s) shifted to the right by 1 unit. Instead of plotting the closed-loop of
l+KG(s), we can actually plot KG(s) with -1+jO as the new critical point replacing
the origin point. The presentation of the contour evaluation of KG(s) is what we
called as the Nyquist plot.
From the Nyquist plot of the open-loop system, the stability of a system can be
analyzed basedon the following Nyquist Stability Criterion formula:
Z = N + P (2.3)
Notation:
Z = number of zeroes of 1+ KG(s) in the right half s plane or number of unstable
closed loop poles.
N = number of clockwise encirclements of the -1 + y0 point from the Nyquist plot
P = number of poles of KG(s) in the right half s- plane
For stability, Z must be equal to zero; that is no closed-loop pole in the RHP. In short,
the contour evaluation of an open-loop system can be used to determine the stability
of the closed-loop system.
2.3 Ziegler Nichols Tuning Method
2.3.1 Ziegler Nichols'sfirst method
The first method is used with the system that with decay ratio of approximately 0.25.
The method onlyneeds to measure the system responses and are generally applicable






Figure3 : Open-loop step response for a typicalprocess control system
From this responseit is necessaryto determine only two parameters.
i. The slope Rof thetangent to thesteepest partof the rising edge.
ii. The "apparent dead-time" L (which is the intersection of the tangent with
the time axis).
Given that a - RL , the PIDparameters are then tuned according to Table2.
Table 2: Tuningparameters for Zeigler-Nichols time responsemethod
Type KP Ki Kd
P Ma
PI 0.9/a 3L
PID 1.2/fl 2L 0.5L
2.3.2 Ziegler Nichols's Second Method
This tuning algorithm works for type 0 systems that have order greater than 2. The
tuning method relies on being able to find the gain at which the Nyquist response
crosses the critical point or equivalently when the root locus crosses the imaginary
axis. The gain is obtained experimentally with the following procedure. First, set the
controller to P mode only. Next, set the gain of the controller (Kp) to a small value.
Make a small set point (or load) change and observe the response of the controlled
variable. If Kp is low the response should be sluggish. Increase Kp by a factor of two
and make another small change in the setpointor the load. Keep increasing Kp (by a
factor of two) until the response becomes oscillatory. Finally, adjust Kp until a
response is obtained that produces continuous oscillations. This is known as the
ultimate gain (Ku). Note the period of theoscillations (Pu). The Kp, Kt and Kd are then
obtained from the following table:
Table 3: The parameters adjustment for Ziegler- Nichols secondmethod
Type *p Ki Kd
P KUI2
PI Ku 12.2 Put 1.2
PID Kul\.l Pull Put*
Notation :
Ku = Ultimate gain
Pu = Period of oscillation
* In ZieglerNichols, the proportional term is known, as Kc. To avoid confusion, we
replacedKc with Kp for standardization purpose.
2.4 Performance Indexes
In order to measure the quality of a response, performance index is introduced.
Performance index is used to characterize the error that occurred in a step response.
Normally, a small value indicates that the response is well tuned and provides
optimum performance. A performance index should have three basic properties:
reliability, ease of application and selectivity [3]. There are various types of
performance index. Each of them will be briefly discussed:
2.4.1 Integral ofErrors (IE)
IE =je(t)dt (2.4)
This performance index is best suited for system, which does not overshoot.
However, it gives inaccurate performance index for a system that has a characteristic
underdamped because the summation of the positive and negative error resulting in
zero contribution to the index
2.4.2 Integral ofSquared Error (ISE)
CO
ISE =je2 (t)dt —- (2.5)
0
The ISE performance index avoids the problem of the IE for not being able to account
the performance of underdamped system. In this method, the squared of the error
either it is positive or negative will contribute towards positive to the overall of the
value of the index. However, this will impose another drawbacks, it will not able to
discriminate between the excessively overdamped and underdamped system.
2.4.3 Integral ofAbsolute Error (IAE)
CO
IAE = \\ e(t) |dt - — (2.6)
0
IAE is the typical choice as the performance index. The performance index is
selectively good enough to evaluate the quality of the response
2.4.4 Integral oftimemultiplied byAbsoluteError(ITAE)
CO
ITAE = jV |e(t) 1dt (2.7)
o
Although IAE is good enough to accommodate most of the control system, ITAEcan
further improve the evaluation of the quality of a response. The performance index,
ITAE introduced the time weighting which will reduce the contribution of the
relatively large initial error to the value of the performance integral. Thus, it will give
a more accurate evaluation of a system response.
From the description, ITAE is chosen for evaluation on the performance of the step
response in this project.
2.5 Neural Network
The type of neural network most commonly used is the feedforward multilayer neural
network, where no information is fed back during operation. There is, however,
feedback information available during training. Supervised learning methods, where
the neural network is trained to learn input/output patterns presented to it, are
typically used. The individual neuron activation functions most often are sigmoid




Figure 4 : The structure of feedforward multilayer NN [4]
The Backpropagation (BP) algorithm is perhaps the most popular and widely used
learning algorithm in the feedforward multilayer neural network. It is a supervised
learning algorithm that needs target patterns or signals to train up the network. Once
the data is inserted to the BP network, error between the output and the target is
calculated at every iteration and is backpropagated through the layers of the NN to
adapt the weights. The weights are adapted such that the error is minimized. Once the
error has reached a justified minimum value, the training is stopped, and the neural
network is reconfigured in the recall mode to solve the task. There are formulas used
10








through the layers of the NN
Figure 5 : Training of the NN with Backpropagation learning algorithm [4]
An example is illustrated for the purpose of explanation
Example:
layer i layer j layer k
X=OiiO
X=0:
Figure 6 : The two-input and one-output Backpropagation structure
Assume there is only one hidden layer, j apart from the two-input layer, i and one-
output layer, k. All the layers are using sigmoid function except the input layer, using
the linear transfer function. Also the bias (6), learning rate (rj) and momentum (a)
has been set to a certain value initially.
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The training begins with pattern #1,
The input, netj to the hidden layer j, from the 2-input of layer i is calculated as follow:
netJ=IlWJiOi+0j (2.8)
The input will be passed through the neurons in the layer. Since, the hidden layer7, is
using sigmoid, the output of layer7 is:
°j =/(«e0) =Y^f (Z9)
The output from the layer j will be weighted again as in as in equation (2.8) before it
is feed to the input of layer k, netk.
net, = TWtjOj +9k - (2.10)





Comparing the output value of layer k with the target, the difference of the value
(error) is calculated;
Error, E=(t k-O/J (2.12)
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The calculated errors would backpropagated following the error signal equation, S .
The error signal, 5 between output (k) and hidden (j) layer is obtained with the
formula:
Sk=Ot(\~Ot)(tt -OJ - (2.13)
and between hidden (j) and input (i) layer, the S is:
Sj =0^-0j)^StWv (2.14)
The error signal is backpropagated through the layers. The weight between the hidden
layer j and output layer k is then adjusted by the amount of:
AWkj(t +\) = nSfij +aAWkJ(t) (2.15)
The adjustedweight is added to the previousweight to become the weight of the next
iteration.
Wkj (t +1) = Wkj (t) + AWkj (t +1) (2.16)
The same adjustment of the weight between the hidden layerj and input layer i with
the amount as in equation (2.15):
AWjfi +1) = rjSjOi +aAWjtit) (2.17)
the new weight of the layer at the next iteration is as follow:
Wyi (* +!) = Wjt (0 +AWn (t+1) (2.18)
13
After done with the weight adaptation, the same calculation is repeated for the next
pattern, pattern#2 and other patterns as well. Once all the patterns are finished, the
same procedure is repeated for the second time starting again with pattern #1. This
process will continue until the error is smaller than the justified value.
Notation :
netj = input to the layerj
Oj = output of layer j
e = error between the output and the target
5 = error signal, directly related to the error
Wji = weight between layerj and layeri
rj = learning rate
6 - bias value
a = momentum, used for better convergence





The purpose of data processing is to process the data so that it can be used
successfully for training the NN. The approach for data processing includes data
segmentation, performing ANOVA test, testing for normal distribution, and
normalization [5].
The study is conducted using random number in specifying the input parameters so
that the study is without bias. The set of data is then divided into three sets of data
namely training, validation and testing set according to the ratio of 43%: 43%: 14%
[5]. In order to verify that the segmented data are from the same population of the
original set of data, Analysis of Variance (ANOVA) test is conducted.
Information about the normal distribution of data is important in analyzing the
distribution of the data [6]. The following statistics data give information on the
normal distribution of the data:
i. Test for symmetry is based on the skewness of the data,
ii. Normality can be tested for symmetric data by comparing the standard
deviation with the pseudo standard deviation,
iii. Relative Peakness or Flatness of the data is tested by the Kurtosis.
If the data were normally distributed, the training of the NN would be simpler [7]
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The last step in data processing is to normalize the data to the range of [1,0]. The
normalization formula is given as:
Notation :
x„ is the normalized value
xmax is the maximum value
xmin is the minimum value






This project has 2 stages of implementation. The first one is the development of the
algorithm for Optimal Tuning Based on Nyquist Stability Criterion. The second one
is the Neural Network Training, which is a continuation from the first stage as the
training data is obtained from the developed algorithm at the first stage. The detailed
description of both stages is discussed in the following part.
3.1 Optimal Tuning Based on Nyquist Stability Criterion
3.1.1 Obtaining Stable Region
First of all, a test compensator that comprises of 30 test points is set-up. The test
compensator will be used as the base to obtain the stable region. For positive values
ofx, the axes ofy is set up as_y = 1-x. Meanwhile, for negative values of x, the axes
ofy is as y - x+L In this project, y-axis value represents Kt, x-axis value represents
Kp and the value oiK^is represented by z-axis value. The value of Kd is fixed for each
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Figure 7 : Test Compensator
17
From the test compensator, the following procedure is preceded to obtain the stable
region:
i. A test point is chosen from the test compensator and substituted into the transfer
function of PID Controller as in equation (1.1). In default, the left hand most
test point is selected first. Test point is the point selected from the test
compensator that represents a particular value of Ki, Kp , and Kd as shown in
figure 7
ii. The stability of the closed-loop transfer function is analyzed with Nyquist
Stability Criterion and the gain margin of the system is obtained. The test point
is multiplied with the gain margin to give the end point.
endpoint = Gm x(Ki,Kp,Kd) (3.1)
In definition, gain margin is the maximum gain that can be applied to the system
before it becomes unstable. Any coordinate between the origin point and the end
point can be used to tune the PID controller and it will output a stable system.
iii. This process is repeated for other test points for that particular layer of fixed
value ofKd. At the end of the process, all the end points will be joined to each
other to form a bounded region. The bounded region is the stable area for a
system for that particular value of K<j. Any point chosen from the stable area for
tuning the PID controller will output a stable system.
iv. Then, the value of Kd is incremented by 1 and the process in obtaining the stable
region for the new value ofKd is repeated.
v. At the end, all the stable regions of different values of Kd are stacked on top of
each other to form the 3-D stable region.
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Flow chart of the methodology in obtaining the stabilization region
Insert the transfer function of
the system
i'
Set-up the test compensator
''
Insert the selected test point
(Kp, Ki, KJ to the compensator
V
Analyze the closed-loop system
with Nyquist Stability Criterion
;+i
''
The gain margin is obtained and
the end point is calculated
i + l
Yes
^^"""^ j<No. nf test nnint. 30 ? """""----
No
'
Joining all the end points
to obtain the stable region
Yes
^^^--^^ (<ino.oi stages .' ___-
Notation :
No
Stack all the stable region on top of each
other to obtain stable region in 3-D
end
i : i represents current number of stages.The initial value of i is 1 when Kd is -7 and the
end value of Kd is 5 when i is 13. Each incremental value of i corresponds to the
same incremental in the value ofKd.
j : j represents current number of test compensator. The value for j is ranging from 1
to 30.
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3.1.2 Searchingfor BestStarting Point
Before start to search for optimum point, the best starting point has to be determined
first. The procedure in obtaining the BestStarting Point is:
i. The position of the open-loop system forward path poles for the original system
is determined.
ii. Then, the compensator zero, Sz ~ - Kt / Kp (Kd has been initialized to 1 in
default) of the PID controller is roughly determined. For convenience, Kp is also
fixed to 1
which gives the location of the compensator zero depends only the value of
integral mode, Kt:
Sz = -Kt
By substituting the values of Kd and Kt with 1 into equation (1.1), the transfer
function of the compensator with the value of Sz = -Kt that yet to be
determined as:
_ s2 +s + K; .. ..
Compensator = (3.2)
iii. The compensator zero, Sz is placed alternately between the forward path poles.
The value of compensator zero value is set to be +/- 0.5 from the system
forward path pole position.
20
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Figure 8 : Sz (zeros)are placesalternately betweenthe poles (crosses)
iv. The values of ITAE and the percentage overshoot of the closed-loop system are
calculated. The compensator zero, Sz that resulted in the smallest value of
performance index, ITAE of the closed-loop system and also meets the
requirement of the percentage of overshoot and undershoot (the maximum
allowable percentage overshoot and undershoot is 10%) will be the best starting
point.
3.1.3 Searchingfor Optimum point
From the BestStarting Point module, the optimum search is preceded as follow:
i. The value of Kt (or Kp , Kd in the subsequent stages) is incremented by 1 unit
value*. The other two values of ttming parameters remain the same as in the
best starting point (or previous stage).
ii. These tuning parameters are substituted into the compensator equation (1.1).
The performance index, ITAE value is calculated for the closed-loop system.
There are several scenarios that might occur:
21
Case I
If the value of ITAE is lower than the previous one, the search will
continue at that direction. At the same times, the compensator parameters
(Kh Kp, Kd) will be placed in a separate array if the closed-loop system
meets the overshoot and undershoot requirement (the maximum allowable
range is below 20%).
Case II
If the first value of ITAE never improves from the current one, it will turn
to opposite/negative direction for the current search. The procedure of (i)
is repeated but this times the value of the tuning parameters is decreased
by 1 unit value instead.
Caselll
If the first value of ITAE of both directions never improves from the
current one, the search at that current direction will be terminated. The
search for optimum point will be redirected to the next axis for optimum
search. Procedures (iii & iv) are skipped and proceed directly to procedure
(i)
iii. The search at the respective direction will continue as long as the next value of
ITAE improved from the previous value of ITAE until it reaches the maximum
number of five iterations. The number of iteration might be shorter if the closed-
loop system never improved the ITAE value in the middle of the search.
iv. The array that stored the value of the compensator parameters (Kir Kp, Kd) will
be retrieved. The compensators parameters that resulted in the smallest ITAE
value of the open-loop system in the array will be selected as the optimum point
at the v-axis search. The process will continue from the optimum point to start
search at the next direction x- axis and lastly is the z-axis.
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After finishing one loop ofy-x-z axis search, the procedure is repeated all over again.
This process of searching y-x-z axis for optimum value is repeated for five times.
1 unit value is different for different axes. 1 unit value in v-axis is 1.0, x-axis is 2.0
and z-axis is 0.5. Usually, x-axis value, which is proportional gain, has higher
values than the integral mode, v-axis. On the other hand, integral mode, ^-axis has
higher value than the derivative value z-axis.
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Flow chart of the methodology in searching the optimum point
Insert the Transfer Function
Find the BestStarting Point (x,y,z) *
Scanning y-x-z axis for 5 iteration for
optimum values of Ki,Kp,Kd
No






i : current number of iteration. Initial value is 1 and the end value is 5. Each
incremental in the value in i correspond to the same incremental in Kd.
* The values of (x,y,z) is actually (Kp, Kit Kd).
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3.1.4 Modification to the algorithm ofthe tuning method
The algorithm in searching the optimum point has been modified in order to give a
better performance of the closed-loop system. The modification is done on case basic.
In this case, modifications are done to cater for second order system. This is because
the data generated from this program will be used to train the NN to predict tuning
parameters for second order system. Here are the changes to the algorithm of the
search.
y-axis search
Since this is the first tuning parameter to be tuned, it is expected there is a large
improvement in the ITAE from the previous one at the early stage. When comparing
the current ITAE values with the previous ITAE, the previous one is reduced by 15.
In most of the case, the integral mode will able to increase the values at the early
stage. However, as stages goes by, there will be hardly any significant improvement
that is larger than 15 from the previous ITAE. This will avoid the value of integral
mode from becoming too high. A too high value of integral mode will introduce
overshoot to the system and also makes the system response oscillate unless the
improvement in ITAE is significant enough.
x-axis search
In the v-axis search, the previous value of ITAE is added 20 to push for incremental
in the value for the proportional mode at the early stage. From third iterations onward
the previous ITAE is reduced by 0.3 instead when comparing with the current ITAE.
Initially, the ITAE value is added because we need the proportional gain to boost for
a faster dynamics. However a too high value of Kp is not desirable also, as this will
introduce oscillation unless the improvement is significant.
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z-axis search
The value of previous ITAE is added with 30 when comparing with the current ITAE
and from third iteration onwards, the previous ITAE is reduced by 0.05. The reason to
increase the value of previous ITAE is to push for incremental value of Kd in the early
iteration to avoid saturation in the search. Usually, the changes in the value of ITAE
in the z-axis are very small from one iteration to another. This is because the value of
Kd is the last one to be tuned that it has a very tight control that explains not much
improvement can be anticipated. Meanwhile, the reason to reduce the value of
previous ITAE value from third iteration onwards is that too high value of Kd can
introduce undesired high frequency noise.














Figure9 : The closed-loop feedback control systemtuned with the NN.
The figure above shows the structure of Neural Network in tuning the PID controller.
There are two switches used to connect and break the closed-loop transfer function. In
the normal operation, the switch SI is closed and S2 is opened and the system
operates as a closed-loop feedback system. When comes to fine tune the PID
controller, the procedure is:
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i. Switch, SI will be opened tobreak the closed-loop feedback system Switch.
ii. S2 will be closed to enable the loop that comprises the NN and also the system
transfer function and at the same time, the PID Controller will be reset to zero.
iii. Asquare pulse input signal will be injected to the system through switch, S2.
iv. The response ofthe system will be sampled and the frequency response ofit is
obtained.
v. The NN will identify the frequency response with the most identical pattern of
data and tune thePID controller accordingly.
vi. Then, switch, S2 will be opened and switch, SI will be closed to return to
normal operation.
The process of tuning the parameters of PID controller with Neural Network has been
more robust. This is because NN predicts the output directly from the frequency
response of the square pulse testing to the system. The NN doesn't need the transfer
function of the system in order to predict the tuning parameters. In addition, the
prediction ofNN takes into account the disturbances that might interfere the system
as the disturbances has added up to the frequency response of the output response of
the system.
3.2.1 Identification I/Oparameters ofNN
The input variables of NN relating to this study are the frequency response of the
system to the square pulse input. The frequency response from the square pulse is
calculated using Fast Frequency Transform (FFT), an algorithm used to calculate the
discrete Fourier Transform (DFT). Meanwhile, the outputs for the neural network are
the tuning parameters namely (Kir Kp, Kd) ofthe PID controller. Inthe industry, pulse
testing is highly desired as it yields reasonably accurate frequency-response curves
and requires only a fraction of the time [8]. Theoretically, the best possible would be
an impulse. However, it is difficult to have a perfect impulse in real life. Indeed a
square pulse is as the test pulse. The magnitude of the square pulse is 20 for duration





























Figure 10 : Square pulse input (left) and the output response (right) from system
3.2.2 Data Generation
772 sets of data are generated to train the neural network in this project. This set of
data is segmented into three categories namely: training, validation and testing data.
The data generated are actually the variables of a, b and c. The variables will be used
to construct the second order system as showed below. It has the range of value from
1 to 100.
G(s) = a
s +bs + c
(3.1)
For each of the transfer function, a square pulse is injected to the system and the
output response of it is sampled at 20Hz.
The sampled output will then be transformed into frequency response using 64-points
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Figure 11 : The amplitudes (left) and the phases of the frequency response
Due to the redundancy of the second half of the system, only the first half of the data
points is used. This means only 33 points of the amplitude of the frequency response
and also another 33 points for the phases of the frequency are used to be the input of
the NN. These totals up of 66 inputs are used for the input of the NN and another 3
tuning parameters for the output of NN. However, out of the 66 inputs, there are two
2 inputs of the data are constant. This 2 constant inputs don't provide useful





Figure 12 : Block ofNN with I/O
In order to avoid complexities, the NN block has been modified by breaking down the
structure into three independent networks that each of the neural networks predicts








Figure 13 : The Breakdown ofBlock ofNN with I/O
3.2,3 Data Processing




iii. Normal Distribution Testing
Data Segmentation
The set of data as mentioned are divided into three sets of training, validation and
testing data. The ratio between each set is 43% for training data, 43% for the
validation data and 14% for the testing data. The process of segmentation is
conducted randomly with Microsoft Excel 'Sampling'. The reason of performing
segmentation in random is to avoidthe study with bias, which will affectthe accuracy
of the prediction of output of the Neural Network. The size of sampling must be
larger than the desired number because the random number will be replaced after
selection. No repetition of the random number is allowed.
ANOVA test is performed after the segmentation to verify that the original data and
another three segmented data oftraining, validation and testing sets are from the same
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population. The test can be performed using the Microsoft Excel's 'ANOVA : Single
Factor' which will generate the means and variance of the data. The values for both of
this statistical data must be closed enough to each other to verify that the segmented
data are from the same population.
Normalization
The purpose of performing normalization is to make the data more manageable and
consistent as the study had numerous variables that different in units and ranges. For
this purpose, Microsoft's Excel Spreadsheet are used to tabulate and performing
normalization calculation.
Testing for Normalization Distribution
The important information in the normal distribution is the skewness, standard
deviation and Kurtosis. The information can be generated with Microsoft Excel's
'Descriptive Statistics'. This information canbe interpreted as:
i. Test for symmetry - Skewness of the data.
a. Skew = 0, symmetric,
b. Skew < 0 assymmetric tail extending to positive values,
c. Skew> 0 assymmetric tail extending to negative values.
ii. Test for normality for symmetric data - Compare Standard Deviation with
Pseudo Standard Ddeviation.
a. SD - PSD, Normal,
b. SD> PSD, Heavy Tailed,
c. SD < PSD, Light Tailed.
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iii. Test for flatness of the data - Kurtosis.
a. Kurt = 0, Normal,
b. Kurt > 0, Peak Distribution,
c. Kurt <0 Flat Distribution.
A normal distributed set of data is easier for convergence in training the neural
network.
3.2.4 Neural Network Construction and Training
The GUI ofNeural Network / Data Manager is used so that the handling of data while
training the NN model is easier. The data for the training, validationand testing set of
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Figure 14 : GUI of the Network/Data Manager
At the same times, the NN Model is created as in figure 15. There are several
parameters that have to be set in the NN Model. This includes the number of hidden
layers of NN, training function, performance function, and adaptation-learning
function. These parameters are selected in trial and error form until the best
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configuration is achieved that the Neural Network reach to a minimal of errors
betweenthe output and the target at the end of the training.
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View Defaults :Cancel Create
Figure 15 : GUI to create the structure ofNeural Network
Neural Network Validation and Testing
In determining the best suitable network, the validation and testing set must be used
together with the training data to evaluate the performance of the Network. A
performance curve will be displayed once the training is started. The best case is that
the line representing the validation data and testing data is below the line of the
training data. Normally, this is very hard to be achieved. Most of the case, the
optimum NN model is selected that gives the minimal error for both training and
validation sets. Yet, the training setmust be converged at the first placeto a minimum
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Figure 16 : Inserting the Validation andTesting Setto thetraining
Testingoferror
Error test is used to calculate the Mean Square Error (MSE) between predicted and
actual plant data. In MSE, the error of the variation between predicted and actual is
squared, and summed up,and lastly divides bythe number of datapoint. The target of
the MSE for the testing set has been set to be least than 5%. The formula to calculate
MSE is shown:
MSE = sum ((predicted value-actual value) A2)/number of data) (3.2)
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Graphical UserInterface (GUI)
Graphical User Interface (GUI) is created to make the program more use-friendly.
There are four graphs that used to plot (1) Test compensator, (2) 2-D stable region,
(3) 3-D stable region, and (4) Optimum tunedstepresponse.
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Figure 17 : Layout Editor of the Graphical User Interface
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3.3 Tools
This project mainly involves the simulation results that require only softwares that
include:
Matlab 6.1 It will be the main program in this project. Matlab is used to
perform calculation, plotting and also training the NN. There
are many additional features that are exploited such as FFT
function, square pulse generation and linear simulation. Apart
from that, Matlab GUIDE is used to create an interface panel
for controlling the execution of the program.
Microsoft Excel - Microsoft Excel program are mainly used in the data processing
part. The data stored in the Microsoft Excel format can be




The following transfer function is inserted into the program written in m-file of
Matlab:
G(s)sys = 76
s2 +54s + 9
4.1 Optimal Tuning Based on Nyquist Stability Criterion
4.1.1 Obtaining Stable Region
At each fixed layer of Kd value, a test compensator is set up as in Figure 17 that
comprises of 30 test points. The value of Kd (z-axis value) is ranging from Kd = -7 to
Kd = 5 and the process starts from the bottom layers with Kd - -7. The test
compensator will be the base in obtainingthe stable region.
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The Test Compensator
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Figure 18 : The Test Compensator Plot
37
For explanation purpose, let's consider the layer of Kd = 0. From the test
compensator, the left-most test point is selected as the first test point [Kt, Kp, Kd] =
[0, -0.9999, 0]. After analyzing the closed-loop system with Nyquist Stability
Criterion, the gain margin obtained for the closed-loop system is 0.1184. Multiplying
the gain margin withthe test point, the endpoint is, endpoint = [0, -0.1184, 0]. The
tuning parameters of the PID controller can be any values from [0, 0, 0] to the end
point, [0, -0.1184, 0] and the system will remain stable. The process is repeated for
othertest points until finished. Having joined all the calculated test point for the layer
ofKj = 0, the stable region for Kd- 0 is shown below.
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Figure 19 : The plot of the stable regionfor layerof Kd —0*
The same procedure is repeated for other layer of Kd, At the end, all the layers are





Stable region in 3-D
0 -20
Kp Values
Figure 20 : The stable region of the transfer function*
The figure isfor illustration purpose only and does not correspond to the given transfer
function.
4.1.2 Optimum Point tuningfor the PID controller
From the stable region, optimal search begins by searching the best starting point
within the stable region boundary. The best starting point obtained is [Kit Kp, Kd] =
[0.2672, 1, 1] where the value of performance index, ITAE - 41.1475. Substituting
the best starting point to the equation (1.1), the transfer function of the PID controller
is as:
C(s) s2 +s+ 0.2672
starling
Then only the search for the optimum tuning parameters begins. It started from the
BestStarting point and will search at the x-y-z axis direction for optimum point. The
final optimum point obtained is [Kit Kp, Kd] = [1.2672, 21, 3.5] with the value of
performance index, ITAE improved from the previous one to 8.3552. The optimum
closed-looped transfer function is givenas:
G(s) = 266s2 +1596^ + 96.31
s3+320s2 + 1605^ + 96.31
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Figure 21 : Step response ofthe systemtuned with optimum point
From the graph, the closed-loop systemhas fast dynamics; short rise time and settling
times. The percentage of overshoot and undershoot are small. The output response





The following data in Table 2 is the truncated data of segmented data ofvariables a, b
andc. There are 772 sets of data of variables a, b and c that has to be segmented into
three categories namely training, validation and testing set. The segmentation of the
data are based on the random number ofvariable a. The complete segmented data sets
for training, validation and testing is shownin Appendix.
Table 2 : Truncated of the random data
Notation :
Tr - Training Set
Va-Validation Set
Te - Testing Set
(iMItp n h t'
Tr i.i 81.4 28.7
Tr 1.2 79.8 75.8
Tr 1.3 51.6 55.9




Va 98.1 49.7 51.5
Tr 98.2 18.0 58.4
Te 98.3 33.1 56.0
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ANOVA Test
From the result, the average and variance of the original sets and random number are
almost the same of about 50 and 800 respectively. This verifies that the segmented
sets are from the same original set. The test result for the ANOVA test conducted on
the variables a is shown in Table 3.
Table 3 : ANOVA Test Result for variable a
Anova: Single Factorvariable a
SUMMARY
(inm/is Count Sum 1ivrttji? I atiance
Column 1 772 38947.1 50.44961 794.7126
Column 2 333 16455.2 49.41501502 811.5081
Column 3 333 16362.2 49.13573574 792.3726
Column 4 106 6129.2 57.82264151 700.4924
ANOVA











The complete result for ANOVA Test can be referred to Appendix.
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Normal Distribution Test
The Normal Distribution test is tested on the input and output properties using
"Microsft Excel-Descriptive Statistics". Overall from the result of normal distribution
of 64 input properties and 3 outputs, the data are normally distributed as the value of
skewness and kurtosis were small attesting to the normality of the distribution. The
result for the Input Properties 1 is shown below.
















The completeresult for Normal Distribution Test is shown in Appendix.
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4.2.2 Neural Network Construction and Training
Neural Network Training
The training of the Neural Network has been trained with different structures of
Neural Networks. The optimum structure of NN for each of the three types of
controller is the one, which gives the smallest Mean Square Error (MSE) for the
training and the validation set. For all the cases, the neurons in the hidden layers are
sigmoid type and the training algorithm is the resilient backpropagation.






































For P controller, the architecture of NN with 303030 neurons in the hidden layer is
chosen to be the optimum point. It gives the smallest for both the training and
validation sets.
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Meanwhile for I controller, the optimum configuration is the structure with 30_40_40
neuron of sigmoid in the hidden layer. Although the structure of 40__40_40 and
504040 give smaller of MSE for the training sets, the MSE of the validation set of
the configuration with 304040 neurons is the smaller than the other two. After all
the MSE of the training set is only slightly different. Again, the optimum
configuration for D controller is the one with 304040 neurons in the hidden layer
because it has the smallest of MSE for validation set although it doesn't have the
smallest compared to the other structure ofNN.
The line representing validation can't be included in thetraining because it terminates
the training process before it reaches the desired number of epochs. Thus, it is opted
to calculate the MSE manually at the end of the training.
The graphs of convergence for the Optimum NN Structure of P, I and D controllers
respectively are shown:
Training with TRAINRP ^n .m„J «*» \
File Edit View Insert Tools Window Help
Performance is 0.00788264, Goal is 0
JSLxJ
0 100 200 300 400 500 600 700 BOO 900 1000
Stop Training I 1000 Epochs
Figure 22 : The convergence graphfor P controller
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Training with TRAINRP
File Edit Vtew Insert Tools Window Help





Figure 23 : The convergence graphfor I controller
Training with TRAINRP
File Edit View Insert Tools Window Help
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Figure 24 : The convergencegraph for D controller
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Testing Data
The true performance should be based on test data [8]. The results of the MSE
obtained from the predicted output of P controller on the testing data is 2.7 %.
Meanwhile, the MSE for I controller and D controller is 3.3 %, and 4.1 %
respectively. All of the results are below 5% of MSE. The P and I controllers are
more robust than D controller. D controller is more prone to errors. The complete
resultfor Neural Network Training canbe referred to Appendix F.






Errors in Prediction of P Controller
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Figure 25 : Errors in prediction of P controller
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Errors in Prediction of I Controller
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Figure 26 : Errors in prediction of I controller
Errors in Prediction of D Controller
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Figure 27 : Errors in prediction of D controller
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Graphical UserInterface
The developed GUI is used so that the user is easier to handle the program. Here is
the front panel for the GUI. The user can select eitherthe automation tuning or using
the neural network for fine-tuning. Before that, the user has to enter the values of the
second order function. The result is displayed in the text box. Meanwhile, the graphs
of test compensator, 2-D stable region, 3-D stable region and also the step response of
the optimum tuning of closed-loop system is plotted in the four plots.
Figure 28 : Layout of the GUI front panel
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ImprovementStrategies
Overall, the NN structure still has errors. Improvement can be done to make it more
robust for the NN in predicting the output. Various improvements strategies can be
implemented that include:
o Increase the number of inputs
o Increase the number of epochs
o Increase the number of layers





This project is concerned with techniques of fine-tuning the PID controller for the
usage in the process control application.
The tuning rule based on the Nyquist Stability Criterion as demonstrated from the
developed program has able to fine tune the PID controller to output a satisfactory
step response for the closed-loop system. This reflects that the Nyquist approach is
potentially to be developed into the major techniques of fine-tuning the PID
controller.
On the other hand, NN model developed based the data obtained from Nyquist
Stability Criterion has further extended the capabilities of the tuning process. The
tuning is based on directly from the frequency response of the system to the square
pulse testing, which is more robust. The target of 5% MSE for the prediction has been
achieved.




At the present, the project work is concerned with the single-input single-output
(SISO) continuous time system. Most of the real-life applications involve multi-input
multi-output (MIMO) system. It would be useful to expand the work towards this
type of system.
The second suggestion is that in the future work to cater the time delay that occurred
in the system. Time delays occur in control system when there is a delay between the
commanded response and the start of the output response. Thus, it will be important
to include analysis on the time delay.
Lastly, the neural network model can still be refined to be more robust. It will be
better if it can be tested in the real plant and incorporate other parameters apart from
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APPENDIX A
M-FILE FOR FINE TUNING METHOD
%For PI controller (22 Sept 2004)
%Tofind the startingpoint for Optimization
°A> lookfor thenegative values ofperformance index: Done use absolute
°A> look for dummy value =0
%solve the looping
% modified level:2 (22sept 2004)
%modifiedlevel:3 (25 sept 2004)
% looksfor undershoot
"A> looksforfeedback
%modified level 4: (30 Sept2004) on the Kdlevel
%modifiedlevel 5: (30 Sept 2004) on the Kdlevel
%Integration ofthe limii(8th October 2004)
%Getting the data to train the neural network (Sth ofDecember 2004)
% Started to train the network : 27 Dec 2004
%Not successful wt the sequence numbers
% try to use random number











































% restriction in thepercentage ofovershoot & undershoot



















% restriction in the percentage ofovershoot & undershoot
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% restriction in the percentage ofovershoot & undershoot



















































% restriction in the percentage ofovershoot & undershoot


























































if a = = 3|a = = 4|a = = 5









% restriction in the percentage ofovershoot & undershoot











if Dummy_Value ~ = 0
MinlTAE = min(NewITAEinner2);
for a=l:l:Dummy_Value




































ifa = =3|a = = 4|a = =5










% restriction in thepercentage ofovershoot & undershoot























































ifa = =3 Ia = = 4 Ia = = 5










% restriction in thepercentage ofovershoot & undershoot

















































% restriction in thepercentage ofovershoot & undershoot







if a = =3 |a = = 4|a = = 5

































































RESULT OF DATA SEGMENTATION VARIABLES a, b AND c
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Group Original Training Validation Testing
Tr l.l 81.4 28.7 l.l 81.4 28.7 1.4 74.1 74.8 2.5 34.2 71.7
Tr 1.2 79.8 75.8 1.2 79.8 75.8 2.1 51.8 49.0 4.7 27.0 23.1
Tr 1.3 51.6 55.9 1.3 51.6 55.9 2.2 53.3 26.9 6.0 67.6 5.6
Va 1.4 74.1 74.8 1.5 40.7 76.1 2.3 86.9 15.4 7.3 45.8 87.8
Tr 1.5 40.7 76.1 1.7 96.8 50.2 2.4 96.2 88.1 11.6 28.1 23.5
Tr 1.7 96.8 50.2 1.8 68.6 17.8 2.9 6.2 75.7 14.2 10.8 84.2
Tr 1.8 68.6 17.8 1.9 65.3 85.4 3.2 21.0 87.6 15.2 58.0 18.9
Tr 1.9 65.3 85.4 2.6 17.2 10.1 3.3 83.3 29.1 16.4 87.3 68.5
Va 2.1 51.8 49.0 2.7 41.8 96.0 3.4 5.1 33.0 17.1 52.5 53.5
Va 2.2 53.3 26.9 2.8 21.6 67.1 3.5 1.9 50.7 18.5 66.3 83.9
Va 2.3 86.9 15.4 3.0 81.9 66.8 3.7 48.1 10.6 21.5 1.4 61.5
Va 2.4 96.2 88.1 3.8 49.7 16.6 3.9 52.4 54.3 21.6 95.1 64.8
Te 2.5 34.2 71.7 4.4 33.6 18.4 4.3 80.5 56.1 22.4 94.9 87.9
Tr 2.6 17.2 10.1 4.6 29.3 4.6 4.4 33,6 18.4 23.2 30.4 74.9
Tr 2.7 41.8 96.0 4.8 16.1 22.3 5.0 93.9 90.6 23.6 55.4 68.4
Tr 2.8 21.6 67.1 5.3 60.7 87.0 5.1 79.7 75.2 27.1 1.8 32.7
Va 2.9 6.2 75.7 5.7 12.9 5.9 5.4 35.9 29.2 27.2 44.9 65.2
Tr 3.0 81.9 66.8 5.9 43.6 95.1 5.6 60.1 49.7 27.7 54.4 96.3
Va 3.2 21.0 87.6 6.1 34.4 37.9 6.2 31.9 61.3 28.1 9.8 63.9
Va 3.3 83.3 29.1 6.6 19.3 76.9 7.5 5.2 69.5 28.7 14.6 74.9
Va 3.4 5.1 33.0 6.7 99.1 95.0 7.9 45.8 81.4 30.6 33.9 67.7
Va 3.5 1.9 50.7 6.8 50.0 15.2 8.6 65.9 9.9 31.0 1.0 59.9
Va 3.7 48.1 10.6 7.0 4.6 92.2 8.9 56.5 14.3 31.5 37.1 83.6
Tr 3.8 49.7 16.6 7.1 46.9 91.1 9.4 13.0 65.8 31.7 17.4 55.0
Va 3.9 52.4 54.3 7.2 79.1 88.5 9.8 89.1 87.0 32.8 53.1 94.1
Va 4.3 80.5 56.1 7.4 3.9 16.8 9.9 58.3 18.3 35.5 90.6 90.5
Tr 4.4 33.6 18.4 7.7 15.1 24.4 10.1 32.7 33.4 37.1 67.2 15.4
Va 4.5 60.9 78.7 7.8 81.4 21.1 10.5 78.4 77.6 37.2 95.8 20.8
Tr 4.6 29.3 4.6 8.0 4.3 24.4 11.0 25.2 85.4 37.4 41.6 6.1
Te 4.7 27.0 23.1 8.2 66.1 20.9 11.2 37.7 7.2 38.8 85.8 57.3
Tr 4.8 16.1 22.3 8.3 57.4 31.2 11.5 49.9 52.6 40.9 74.9 76.8
Va 5.0 93.9 90.6 8.4 86.6 97.4 11.7 19.6 93.4 41.4 78.6 94.2
Va 5.1 79.7 75.2 8.5 68.6 33.6 12.2 69.1 87.7 42.8 89.6 14.4
Tr 5.3 60.7 87.0 8.7 56.1 78.3 12.3 9.7 8.4 43.0 16.5 85.7
Va 5.4 35.9 29.2 8.8 5.3 94.6 12.5 13.5 60.0 43.3 55.5 17.6
Va 5.6 60.1 49.7 9.0 13.6 51.7 12.8 52.8 14.2 43.5 96.6 90.1
Tr 5.7 12.9 5.9 9.3 86.0 40.9 12.9 78.0 47.0 44.6 65.1 82.9
Tr 5.9 43.6 95.1 10.7 77.0 20.8 13.0 86.7 17.7 46.2 60.6 49.3
Te 6.0 67.6 5.6 10.8 73.1 14.0 13.3 38.6 59.6 47.4 9.9 56.3
Tr 6.1 34.4 37.9 10.9 72.5 98.8 13.4 17.6 59.8 48.3 82.5 23.9
Va 6.2 31.9 61.3 11.3 57.2 39.7 13.8 50.4 7.9 51.1 26.5 18.8
Tr 6.6 19.3 76.9 11.4 49.8 81.0 14.5 49.2 32.2 52.2 26.2 72.0
Tr 6.7 99.1 95.0 11.8 9.2 24.7 14.8 75.4 10.7 52.7 70.1 19.8
Tr 6.8 50.0 15.2 12.0 49.0 49.5 15.0 24.5 74.4 52.9 23.5 20.9
Tr 7.0 4.6 92.2 12.1 5.3 40.5 15.6 3.9 58.2 54.0 54.0 60.1
Tr 7.1 46.9 91.1 12.6 56.7 94.3 15.7 6.8 14.7 54.6 97.1 62.1
Tr 7.2 79.1 88.5 12,7 31.4 57.3 15.8 97.3 87.6 55.3 65.7 31.3
Te 7.3 45.8 87.8 13.1 28.0 23.5 16.2 67.5 41.5 57.4 91.4 46.8
Tr 7.4 3.9 16.8 13.2 81.8 2.8 16.5 33.1 61.8 58.3 20.1 53.7
Va 7.5 5.2 69.5 13.5 45.3 69.1 16.6 58.6 15.9 58.7 36.9 57.0
Tr 7.7 15.1 24.4 14.3 59.1 26.2 17.5 21.3 88.4 59.1 14.3 32.4
Tr 7.8 81.4 21.1 14.4 31.0 63.0 17.8 33.2 56.8 59.8 75.2 54.8
Va 7.9 45.8 81.4 14.6 47.3 95.9 17.9 62.7 95.4 62.2 61.0 25.4
71
Group Original Training Validation Testing
Tr 8.0 4.3 24.4 14.9 39.8 83.8 18.1 3.7 43.9 63.4 76.9 16.6
Tr 8.2 66.1 20.9 15.3 48.3 9.3 18.2 97.3 87.6 64.0 13.6 31.2
Tr 8.3 57.4 31.2 15.5 56.2 75.2 18.3 6.6 88.2 65.0 51.5 78.4
Tr 8.4 86.6 97.4 16.0 72.8 47.5 18.6 86.9 22.1 65.2 74.3 2.9
Tr 8.5 68.6 33.6 16.8 39.9 11.5 18.8 71.1 5.8 65.4 92.1 30.6
Va 8.6 65.9 9.9 17.0 98.1 45.5 19.0 68.8 60.8 65.5 94.0 83.3
Tr 8.7 56.1 78.3 17.4 22.7 18.7 19.1 51.7 72.3 65.7 84.2 51,2
Tr 8.8 5.3 94.6 17.5 21.3 88.4 19.2 51.6 44.7 66.4 51.5 83.7
Va 8.9 56.5 14.3 18.7 78.2 84.7 19.3 76.7 81.5 66.5 96.9 18.9
Tr 9.0 13.6 51.7 18.9 24.0 90.7 19.6 19.1 35.1 67.0 7.4 71.4
Tr 9.3 86.0 40.9 19.5 60.0 91.9 19.8 34.3 49.0 67.9 5.2 41.0
Va 9.4 13.0 65.8 19.7 67.2 82.0 20.0 39.6 25.2 68.4 6.9 86.4
Va 9.8 89.1 87.0 19.9 87.3 91.7 20.1 51.3 62.6 68.5 91.6 96.7
Va 9.9 58.3 18.3 20.3 41.9 43.1 20.2 47.0 8.6 68.6 93.7 67.8
Va 10.1 32.7 33.4 20.4 66.8 9.8 20.5 48.2 27.2 70.1 72.2 31.7
Va 10.5 78.4 77.6 20.8 88.5 13.5 20.7 6.9 80.2 71.1 34.3 20.7
Tr 10.7 77.0 20.8 21.0 85.6 71.1 20.9 54.1 88.8 71.9 11.9 59.9
Tr 10.8 73.1 14.0 21.1 76.0 63.7 21.2 74.8 53.3 72,7 90.2 61.7
Tr 10.9 72.5 98.8 21.4 6.5 89.5 21.7 51.8 45.8 73.5 48.7 77.4
Va 11.0 25.2 85.4 21.8 11.6 90.3 21.9 66.1 1.2 75.0 91.9 78.1
Va 11.2 37.7 7.2 22.0 39.7 62.0 22.3 65.5 49.2 75.7 2.7 35.5
Tr 11.3 57.2 39.7 22.1 74.8 98.6 22.5 87.3 30.8 75.9 59.4 16.7
Tr 11.4 49.8 81.0 22.2 3.6 94.5 22.7 95.0 44,3 76.1 22.2 7.4
Va 11.5 49.9 52.6 22.6 61.2 48.5 22.9 62.7 83.7 76.7 8.8 7.1
Te 11.6 28.1 23.5 22.8 33.5 26.0 24.1 29.1 75.0 77.0 60.1 53.9
Va 11.7 19.6 93.4 23.1 41.4 91.4 24.3 58.1 16.7 79.2 63.5 47.8
Tr 11.8 9.2 24.7 23.3 47.5 90.4 24.5 34.0 20.4 79.3 46.5 18.3
Tr 12.0 49.0 49.5 23.4 9.7 58.3 24.6 91.4 7.9 79.9 86.8 35.5
Tr 12.1 5.3 40.5 23.5 76.9 78.2 24.9 9.3 80.1 82.0 2.1 36.4
Va 12.2 69.1 87.7 23.7 44.4 94.2 25.0 93.3 73.7 82.4 52.2 74.2
Va 12.3 9.7 8.4 23.9 68.8 8.5 25.2 26.2 80.4 83.3 41.5 51.4
Va 12.5 13.5 60.0 24.2 36.5 93.8 25.7 54.8 66.1 84.8 24.3 22.4
Tr 12.6 56.7 94.3 24.8 97.3 28.7 25.8 75.3 61.5 85.4 30.6 2.6
Tr 12.7 31.4 57.3 25.6 31.8 92.5 25.9 94.7 7.4 85.8 97.8 49.1
Va 12.8 52.8 14.2 26.0 63.4 59.7 26.1 49.1 22.0 87.1 81.5 75.2
Va 12.9 78.0 47.0 26.8 31.9 63.4 26.7 81.5 56.6 88.1 55.8 38.9
Va 13.0 86.7 17.7 27.5 8.1 48.7 27.0 72.5 90.6 88.8 74.6 41.1
Tr 13.1 28.0 23.5 27.8 45.5 15.9 27.3 17.2 49.7 88.9 4.3 49.3
Tr 13.2 81.8 2.8 28.0 14.6 61.1 27.9 6.7 51.5 89.0 45.7 29.6
Va 13.3 38.6 59.6 28.4 58.9 72.1 28.2 24.0 39.4 91.9 22.8 97.1
Va 13.4 17.6 59.8 29.0 80.0 4.1 28.3 62.1 99.9 92.4 87.8 24.2
Tr 13.5 45.3 69.1 29.1 86.6 31.2 28.5 59.9 63.9 92.6 28.8 8.2
Va 13.8 50.4 7.9 29.8 36.8 12.4 28.6 24.7 39.6 92.7 63.5 56.9
Te 14.2 10.8 84.2 29.9 13.3 81.7 28.8 87.1 29,9 93.5 79.8 14.9
Tr 14.3 59.1 26.2 30.0 61.6 6.0 28.9 71.3 55.1 94.0 75.7 29.2
Tr 14.4 31.0 63.0 30.1 53.3 10.3 29.2 49.4 32.2 94.4 57.6 53.9
Va 14.5 49.2 32.2 30.2 29.8 41.0 29.4 55.9 21.8 94.6 80.4 61.9
Tr 14.6 47.3 95.9 30.5 14.6 17.3 29.5 39.8 25.2 94.7 88.3 30.5 .
Va 14.8 75.4 10.7 31.9 16.3 8.7 29.6 78.5 79.7 95.1 21.0 6.6
Tr 14.9 39.8 83.8 32.1 78.8 13.1 29.7 18.7 88.5 95.7 37.5 77.0
Va 15.0 24.5 74.4 32.3 82.3 17.6 30.3 74.0 74.2 96.2 3.9 14.8 :
Te 15.2 58.0 18.9 32.4 10.2 89.7 30.4 55.1 95.5 98.0 21.7 89.2
Tr 15.3 48.3 9.3 32.6 96.5 11.3 30.8 33.9 35.3 98.3 33.1 56.0
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Tr 15.5 56.2 75.2 32.7 49.9 11.0 31.1 57.2 87.1
Va 15.6 3.9 58.2 33.0 96.7 46.9 31.2 67.3 71.9
Va 15.7 6.8 14.7 33.7 45.8 59.9 31.3 24.2 20.6
Va 15.8 97.3 87.6 33.9 48.2 89.1 31.6 38.3 8.7
Tr 16.0 72.8 47.5 34.0 85.5 74.7 31.8 18.6 62.0
Va 16.2 67.5 41.5 34.1 60.5 37.4 32.0 82.5 58.9
Te 16.4 87.3 68.5 34.4 40.5 99.2 32.2 76.7 42.0
Va 16.5 33.1 61.8 34.7 29.0 40.8 32.5 4.8 1.2
Va 16.6 58,6 15.9 35.1 1.7 29.5 33.1 48.5 9.4
Tr 16.8 39.9 11.5 35.3 70.9 72,0 33.2 91.6 64.6
Tr 17.0 98.1 45.5 35.4 39.6 83.1 33.3 55.6 28.3
Te 17.1 52.5 53.5 35.6 76.7 63.3 33.5 85.3 19.9
Tr 17.4 22.7 18.7 36.1 19.6 13.7 33.6 39.3 55.2
Tr 17.5 21.3 88.4 36.2 18.8 61.7 33.8 76.8 61.9
Va 17.7 64.3 26.5 36.5 31.7 83.2 34.2 23.7 96.9
Va 17.8 33.2 56.8 36.8 29.5 53.9 34.3 45.3 55.1
Va 17.9 62.7 95.4 36.9 7.6 40,8 34,5 73.6 77.7
Va 18.1 3.7 43.9 37.5 18.3 57.3 34.6 9.6 93.6
Va 18.2 97.3 87.6 37.9 29.4 78.2 34.8 13.9 32.6
Va 18.3 6.6 88.2 38.4 69.3 86.1 34.9 75.7 16.1
Te 18.5 66.3 83.9 38.7 44.7 93.2 35.8 49,7 10.7
Va 18.6 86.9 22.1 38.9 70.9 47.3 36.6 28.6 68.8
Tr 18,7 78.2 84.7 39.1 38.3 55.7 37,6 66,6 96.1
Va 18.8 71.1 5.8 39.2 19.7 33.2 37.7 41.4 55.7
Tr 18.9 24.0 90.7 39.3 15.4 96.2 37.8 99.8 72.4
Va 19.0 68.8 60.8 39.7 65.5 73.7 38.0 79.9 3.3
Va 19.1 51.7 72.3 40.1 15.6 56.1 38.1 66.3 11.7
Va 19,2 51.6 44.7 40.2 45.2 79.4 38.2 43.7 50.4
Va 19.3 76.7 81.5 40.4 84.6 66.9 38.3 89.7 94.2
Tr 19.5 60.0 91.9 40.6 34.0 39.9 38.5 8.4 64.1
Va 19.6 19.1 35.1 40.7 34.8 37.6 38.6 21.3 44.1
Tr 19.7 67.2 82.0 40.8 27.4 93.9 39.4 52.4 12.2
Va 19.8 34.3 49.0 41.0 83.0 36.1 39.5 42.6 75.5
Va 19.9 87.3 91.7 41.7 51.7 71.2 39.6 67.9 9.7
Va 20.0 39.6 25.2 42.0 57.3 97.3 39.9 55.1 28.8
Va 20.1 51.3 62.6 42.1 94,8 84.9 40.0 31.6 51.2
Va 20.2 47.0 8.6 42.2 86.9 52.4 40.3 94.0 97.5
Tr 20.3 41.9 43.1 42.7 31.5 69.3 41.1 50.4 47.8
Tr 20.4 66.8 9.8 43.2 23.7 55.5 41.5 23.6 57.6
Va 20.5 48.2 27.2 43.4 89.8 67.7 41.6 37.9 50.0
Va 20.7 6.9 80.2 43.9 22.9 16.9 41.8 33.6 83.0
Tr 20.8 88.5 13.5 44.4 79.3 72.3 41.9 42.4 11.1
Va 20.9 54.1 88.8 45.0 24.4 88.9 42.3 57.9 1.7
Tr 21.0 85.6 71.1 45.2 64.7 12.9 42.5 72.1 61.2
Tr 21.1 76.0 63.7 45.4 16.8 34.0 42.6 24.6 82.6
Va 21.2 74.8 53.3 45.8 65.4 28.5 43.1 3.5 68.2
Tr 21.4 6.5 89.5 46.0 66.2 14.0 43.6 75.5 93.1
Te 21.5 1,4 61.5 46.1 74.5 60.6 43.7 95.5 98.4
Te 21.6 95.1 64.8 46.3 7.7 74.2 43.8 66.0 10.4
Va 21.7 51.8 45.8 46.4 87.8 79.5 44.1 4.8 92.3
Tr 21.8 11.6 90.3 47.0 92.8 35.7 44.7 7.5 59.2
Va 21.9 66.1 1.2 47.1 52.5 18.5 44.9 95.2 59.3
Tr 22.0 39.7 62.0 47.2 27.1 56.7 45.3 18.6 64.7
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Tr 22.1 74.8 98.6 47.3 63.9 57.6 45.7 7.1 8.2
Tr 22.2 3.6 94.5 47.6 22,1 53.6 45.9 44.4 83.8
Va 22.3 65.5 49.2 47.8 93.1 96.6 46.5 17.9 87.3
Te 22.4 94.9 87.9 48.0 56.1 12.6 46.7 28.3 41.8
Va 22.5 87.3 30.8 48.4 83.5 24.5 46,8 18.2 21,9
Tr 22.6 61.2 48.5 49.0 42.0 86.2 46.9 86.1 57.0
Va 22.7 95.0 44.3 49.4 93.1 91.5 47.5 39.4 41.5
Tr 22.8 33.5 26.0 49.6 37.8 78.2 47.7 15.0 50.8
Va 22.9 62.7 83.7 49.9 51.3 32.2 48,1 30.2 72.1
Tr 23,1 41.4 91.4 50.0 69.0 95.7 48.2 69.4 81.0
Te 23.2 30.4 74.9 50.2 95.2 94.9 48.5 54.6 50.1
Tr 23.3 47.5 90.4 50.4 55.9 42.5 48.6 96.7 13.2
Tr 23.4 9.7 58.3 50.5 8.2 71.0 48.7 19.1 64.0
Tr 23.5 76.9 78.2 51.0 24.5 78.3 49.1 62.2 52.4
Te 23.6 55.4 68.4 51.6 74.0 23,4 49.5 24.3 43.9
Tr 23.7 44.4 94.2 51.8 68.0 62.0 50.1 10.6 43,0
Tr 23.9 68.8 8.5 52.0 81.1 12.5 50.3 93,1 29.3
Va 24.1 29.1 75.0 52.1 37.1 11.1 50.6 51.9 53.2
Tr 24.2 36.5 93.8 53.0 8.4 21.6 50.8 45.6 63.1
Va 24.3 58.1 16.7 53.1 92.9 44.6 50.9 68.6 98.4
Va 24.5 34.0 20.4 53.2 32.4 92.5 51.2 39.8 71.6
Va 24.6 91.4 7.9 53.5 45.9 17.2 51.4 72.4 69.0
Tr 24.8 97.3 28.7 53.8 16.8 18.3 51.9 67.4 17.0
Va 24.9 9.3 80.1 53.9 82.2 68.0 52.3 41.0 53.2
Va 25.0 93.3 73.7 54.1 45.0 80.9 52.4 32.8 54.5
Va 25.2 26.2 80.4 54.3 84.8 3.0 52.5 62.5. 58.0
Tr 25.6 31.8 92.5 54.7 41.8 2.9 52.8 48.8 85.6
Va 25.7 54.8 66.1 54.9 99.2 19.3 53.4 81.9 69.3
Va 25.8 75.3 61.5 55.1 44.8 82.7 54.2 9.1 85.7
Va 25.9 94.7 7.4 55.2 94.0 64.7 54.4 37.9 91.5
Tr 26.0 63.4 59.7 55.5 68.6 21.4 54.5 13.8 24.7
Va 26.1 49.1 22.0 55.6 4.6 40.4 54.8 99.6 43.8
Va 26.7 81.5 56.6 56,2 10.9 85.7 55.0 47.5; 1.5
Tr 26.8 31.9 63.4 56.5 56.1 70.1 55.7 83.5 16.8
Va 27.0 72.5 90.6 57.1 55.2 96.0 55.9 18.1 30.2
Te 27.1 1.8 32.7 58.2 65.4 50.4 56.0 39.4. 35.4
Te 27.2 44.9 65.2 58.4 20.3 26.3 56.3 20.5 21.6
Va 27.3 17.2 49.7 58.6 52.5 47.4 56.6 72,2 53.3
Tr 27.5 8.1 48.7 58.9 70.9 33.4 56.9 90.3 • 41.3
Te 27.7 54.4 96.3 59.2 66.2 46.6 57.2 96.9 43.3
Tr 27.8 45.5 15.9 59.3 5.0 37.3 57.5 90.1 48.2
Va 27.9 6.7 51.5 59.7 32.7 7.8 57.6 5.9 16.0
Tr 28.0 14.6 61.1 60.1 66.4 48.4 57.7 82.8 81.4
Te 28.1 9.8 63.9 60.3 56.7 89.0 57.8 78.5 61.4
Va 28.2 24.0 39.4 60.4 80.1 35.0 57.9 89.9 8.6
Va 28.3 62.1 99.9 60.8 81.6 9.7 58,0 89.5 51.6
Tr 28.4 58.9 72.1 60.9 83.4 40.3 58.1 99.4 56.4
Va 28.5 59.9 63.9 61.0 22.1 43.7 58.8 75.0 99.7
Va 28.6 24.7 39.6 61.3 46.7 88.9 59.0 97.5 81.0
Te 28.7 14.6 74.9 61.4 63.3 44.1 59.6 98.6 1.6
Va 28.8 87.1 29.9 61.5 49.0 30.2 59.9 45.1 57.2
Va 28.9 71.3 55,1 61.7 43.3 99.4 60.6 43.1 40.6
Tr 29.0 80.0 4.1 62.1 16.9 31.2 61.1 69.4 39,4
Tr 29,1 86.6 31.2 62.3 35.6 97.7 61.2 72.9 59.2
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Va 29.2 49.4 32.2 62.6 83.6 10.9 61.8 20.1 81.1
Va 29.4 55.9 21.8 62.9 52.2 27.9 62.0 62.0 51.8
Va 29.5 39.8 25.2 63.0 34.6 23.3 62.5 91.5 82.3
Va 29.6 78.5 79.7 63.8 90.9 99.4 62.7 17.2 54.9
Va 29.7 18,7 88.5 64.1 66.9 94.8 62.8 53.0 15.4
Tr 29.8 36.8 12.4 64.4 65.3 40,3 63.2 49.1 60,7
Tr 29.9 13.3 81.7 64.5 45.9 79,6 63.3 34.8 97.0
Tr 30.0 61.6 6.0 64.8 73.9 55.1 63.6 23.0 11.7
Tr 30.1 53.3 10.3 65.1 37.0 37.5 63.7 73.4 25.1
Tr 30.2 29.8 41.0 65.3 51.2 92.3 63.9 70.2 95.8
Va 30.3 74.0 74.2 65.6 83.7 11.8 64.6 68.7 62.5
Va 30.4 55.1 95.5 65.8 31.8 96.6 64.7 11.5 40.0
Tr 30.5 14.6 17.3 66.2 63.9 30.9 65.9 97.0 29.5
Te 30.6 33.9 67.7 66.8 25.0 28.5 66.0 74.8 25.5
Va 30.8 33.9 35.3 67.5 62.8 81.0 66.1 78.8 10,8
Te 31.0 1.0 59.9 67.7 3.3 29.5 66.3 5.5 32.0
Va 31.1 57.2 87.1 68.0 60.5 66.6 66.7 77.9 56.1
Va 31.2 67.3 71.9 68.9 87.7 11.5 66,9 59.7 44.7
Va 31.3 24.2 20,6 69.1 40.3 32.2 67.2 7.5 80.5
Te 31.5 37.1 83.6 69.3 11.7 14.0 67.3 94.6 93.7
Va 31.6 38.3 8.7 69.8 70.8 1.9 67.4 50.4 22.5
Te 31.7 17.4 55.0 70.3 55.9 90.0 68.1 23.3 93.7
Va 31.8 18.6 62.0 70.4 8.2 15.9 68.2 39.2 40.7
Tr 31.9 16.3 8.7 70.7 46.2 26.2 68.3 16.8 90.2
Va 32.0 82.5 58.9 70.8 69.3 10.7 68.7 34.2 18.0
Tr 32.1 78.8 13.1 70.9 40.8 85.9 69.4 73.6 8.0
Va 32.2 76.7 42.0 71.0 53.0 19.5 69.5 20.0 28.4
Tr 32.3 82.3 17.6 71.2 7.8 16.5 69.6 35.9 74.8
Tr 32.4 10.2 89.7 71.3 28,2 3.4 69.9 53.2 98.5
Va 32.5 4.8 1.2 71.4 29.0 45.5 70.0 30.9 33.7
Tr 32.6 96.5 11.3 72.2 22.7 77.3 70.5 5.9 49.6
Tr 32.7 49.9 11.0 72,4 32.5 39.7 71.5 2.8 72.1
Te 32.8 53.1 94.1 72.8 97.3 11.0 71.8 54.8 29.3
Tr 33.0 96.7 46.9 73.1 11.7 65.9 72.0 29.6 38.1
Va 33.1 48.5 9.4 73.3 61.7 76.1 72.5 46.2 83.0
Va 33.2 91.6 64.6 73.4 36.2 10.3 72.6 50.9 91.8
Va 33.3 55.6 28.3 73.6 47.0 10.1 72.9 79.6 27.5
Va 33.5 85.3 19.9 73.9 31.9 62.0 73.0 91.3 74.4
Va 33.6 39.3 55.2 74.2 .17.9 63.1 74.0 24.9 4.0
Tr 33.7 45.8 59.9 74.3 86.4 93.9 74.5 69.5 81.6
Va 33.8 76.8 61.9 74.9 39.8 12.4 74.7 63.4 20.3
Tr 33.9 48.2 89.1 75.1 25.4 18.9 74.8 13.8 83.1
Tr 34,0 85.5 74.7 75.3 93.5 53.2 75.2 40.3 98.1
Tr 34.1 60.5 37.4 75.4 38.5 91.2 75.5 88.6 10.8
Va 34.2 23.7 96.9 75.6 18.3 44.8 75.8 94.8 68.2
Va 34.3 45.3 55.1 76.0 12.7 45.5 76.5 84.6 73,3
Tr 34.4 40.5 99.2 76.2 6.0 94.8 76.6 69.1 49.3
Va 34.5 73.6 77.7 76.8 17.2 17.6 77.2 68.1 93.0
Va 34.6 9.6 93.6 76.9 74.5 48.8 78.1 72.5 72.3
Tr 34.7 29.0 40.8 77.1 5.7 17.7 78.2 17.9 6.8
Va 34.8 13.9 32.6 77.3 53.8 85.3 78.3 71.7 45.4
Va 34.9 75.7 16.1 77.5 48.1 35.4 78.4 27.8 97.9
Tr 35.1 1.7 29.5 77.6 60.2 83.5 78.7 46.3 43.4
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Tr 35.3 70.9 72.0 77.8 43.4 5.7 78.8 4.3 25.5
Tr 35.4 39.6 83.1 78,0 67.8 76.4 79.0 62.5 42.2
Te 35.5 90.6 90.5 78.5 68.5 79.0 79.1 44.1 68.3
Tr 35.6 76.7 63.3 78.9 57.2 84.7 79.4 61.8 94.2
Va 35.8 49.7 10.7 79.6 23.1 64.2 79.5 72.0 7.6
Tr 36.1 19.6 13.7 80.1 65.3 86.3 80.4 38.3 73.8
Tr 36.2 18.8 61.7 80.3 25.8 81.9 80.6 76.1 72.5
Tr 36.5 31.7 83.2 80.6 76.1 72.5 81.0 15.0 64.0
Va 36.6 28.6 68.8 80.9 20.8 94.0 81.4 51.3 28.9
Tr 36.8 29.5 53.9 81.1 83.0 7.8 81.7 54.6 35.2
Tr 36.9 7.6 40.8 81.2 23.3 38.3 82.6 23.3 80.6
Te 37.1 67.2 15.4 81.8 7.3 31.6 82.8 62.2 88.7
Te 37.2 95.8 20.8 81.9 19.4 28.1 82.9 57.8 96.5
Te 37.4 41.6 6.1 82.2 89.8 75.5 83.1 79.9 24,9
Tr 37.5 18.3 57.3 82.3 63.7 15.6 83.2 75.4 45.9
Va 37.6 66.6 96.1 82.5 41.8 65.2 84.7 40.8 38.8
Va 37.7 41.4 55.7 82.7 82.1 37.4 84.9 72.7 76.0
Va 37.8 99.8 72.4 83.4 1.8 23.8 85.1 93.3 77.5
Tr 37.9 29.4 78.2 83.7 47.5 52.5 85.5 47.3 82.5
Va 38.0 79.9 3.3 83.9 79.6 82.4 85.7 37.0 16.5
Va 38.1 66.3 11.7 84.0 47.6 60.2 85.9 50.7 30.1
Va 38.2 43.7 50.4 84.1 99.7 31.3 86.2 36.3 95.0
Va 38.3 89.7 94.2 84.6 27.1 80.4 86,4 63.6 79.1
Tr 38.4 69.3 86.1 85.0 15,6 45.2 86.8 24.2 58.5
Va 38.5 8.4 64.1 85.2 100.0 61.9 86,9 47.4 50.3
Va 38.6 21.3 44.1 86.1 57.1 15.3 87.0 24.6 78.8
Tr 38.7 44.7 93.2 86.3 70.1 28.1 87,3 80.4 91.9
Te 38.8 85.8 57.3 86.5 40.1 25.4 87,7 51.2 20.8
Tr 38.9 70.9 47.3 87.2 51.0 84.9 87.9 6.2 4.9
Tr 39.1 38.3 55.7 87.4 47.7 25,2 88.0 93.4 59.6
Tr 39.2 19.7 33.2 87.6 25.8 38.6 88,3 54.2 57,5
Tr 39.3 15.4 96.2 87.8 13.6 30.0 88,5 61.8 97.9
Va 39.4 52.4 12.2 88.2 95.3 40.2 88.7 10.3 47.3
Va 39.5 42.6 75.5 88.4 33.3 97.3 89.4 89.0 18.6
Va 39.6 67.9 9.7 88.6 65.0 13.6 89.5 32.8 94.6
Tr 39.7 65.5 73.7 89.3 52.6 73.5 89.8 58.1 95.9
Va 39.9 55.1 28.8 90.0 14.4 58.9 89.9 43.8 8.5
Va 40.0 31.6 51.2 90.1 48.2 80.9 90.4 28.3 17.4
Tr 40.1 15.6 56.1 90.3 78.8 31.8 90.6 38.0 85.4
Tr 40,2 45.2 79.4 90.5 94.5 15.9 90.8 25.3 49.7
Va 40.3 94.0 97.5 91.0 93.3 28.1 90.9 51.4 52.5
Tr 40.4 84.6 66.9 91.4 56.4 98.5 91.3 48.9 26.3
Tr 40.6 34.0 39.9 91.6 83.6 45.1 91.8 21.3 1.6
Tr 40.7 34.8 37.6 92.5 62.8 29.1 92.0 77.0 5.5
Tr 40.8 27.4 93.9 92.9 19.1 32.2 92.1 53.6 77.2
Te 40.9 74.9 76.8 93.6 20.5 46.3 93.0 45.3 81.7
Tr 41.0 83,0 36.1 93.7 98.5 98.0 93.1 75.1 9.4
Va 41.1 50.4 47.8 93.9 84.8 58,9 93,3 6.3 67.0
Te 41.4 78.6 94.2 94.1 14.6 27.0 93.4 81,4 38,7
Va 41.5 23.6 57.6 94.2 45.0 40.4 93.8 91.2 82.2
Va 41.6 37.9 50.0 94.5 4.0 93.6 94.8 62.8 59.9
Tr 41.7 51.7 71.2 94.9 94.7 38.1 95.2 34.1 19.7
Va 41.8 33.6 83.0 95.0 77.2 66.8 95.4 69.2 17,3
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Group Original Training Validation
Va 41.9 42.4 11.1 95.3 82.9 2.6 96.0 49.0 4.8
Tr 42.0 57.3 97.3 95.5 71.2 51.0 96.3 55.6 99.7
Tr 42.1 94.8 84.9 95.6 62.9 86.3 96.4 84.4 25.3
Tr 42,2 86.9 52.4 96.7 8.2 28.9 97.1 31.3 32.2
Va 42.3 57.9 1.7 96.8 95.8 51.8 97.3 40.3 66.3
Va 42.5 72.1 61.2 97.0 80.1 15.4 97.6 73.6 81,3
Va 42.6 24.6 82.6 97.2 34.2 68.5 97.7 21.6 52.9
Tr 42.7 31.5 69.3 97.5 49.5 65.3 97.8 99.1 56.5
Te 42.8 89.6 14.4 98.2 18.0 58.4 97.9 41.7 3.4
Te 43.0 16.5 85.7 98.5 30.2 95.4 98.1 49.7 51.5
Va 43.1 3.5 68.2 98.7 55.6 15.1 99.4 57.5 41.0
Tr 43.2 23.7 55.5 98.8 94,6 69.7 99.6 27.4 29.9
Te 43.3 55.5 17.6 99.1 44.5 48.6 99.7 6.0 94.9
Tr 43.4 89,8 67.7 99.3 13.1 11.4 99.8 76.2 24.8
Te 43.5 96.6 90.1
Va 43.6 75.5 93.1
Va 43.7 95.5 98.4
Va 43.8 66.0 10.4
Tr 43.9 22.9 16.9
Va 44.1 4.8 92.3
Tr 44.4 79.3 72.3
Te 44.6 65.1 82.9
Va 44.7 7.5 59.2
Va 44.9 95.2 59.3
Tr 45.0 24.4 88.9
Tr 45.2 64.7 12.9
Va 45.3 18.6 64.7
Tr 45.4 16.8 34.0
Va 45.7 7.1 8.2
Tr 45.8 65.4 28.5
Va 45.9 44.4 83.8
Tr 46.0 66.2 14.0
Tr 46.1 74.5 60.6
Te 46.2 60.6 49.3
Tr 46.3 7.7 74.2
Tr 46.4 87.8 79.5
Va 46.5 17.9 87.3
Va 46.7 28.3 41.8
Va 46.8 18.2 21.9
Va 46.9 86.1 57.0
Tr 47.0 92,8 35.7
Tr 47.1 52.5 18.5
Tr 47.2 27.1 56.7
Tr 47.3 63.9 57.6
Te 47.4 9.9 56.3
Va 47.5 39.4 41.5
Tr 47.6 22.1 53,6
Va 47.7 15.0 50.8
Tr 47.8 93.1 96.6
Tr 48.0 56.1 12.6
Va 48.1 30.2 72.1
Va 48.2 69.4 81.0
Te 48.3 82.5 23.9
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Tr 48.4 83.5 24.5
Va 48.5 54.6 50.1
Va 48.6 96.7 13.2
Va 48.7 19.1 64.0
Tr 49.0 42.0 86.2
Va 49.1 62.2 52.4
Tr 49.4 93.1 91.5
Va 49.5 24.3 43.9
Tr 49.6 37.8 78.2
Tr 49.9 51.3 32.2
Tr 50.0 69.0 95.7
Va 50.1 10.6 43.0
Tr 50.2 95.2 94.9
Va 50.3 93.1 29.3
Tr 50.4 55.9 42.5
Tr 50.5 8.2 71.0
Va 50.6 51.9 53.2
Va 50.8 45.6 63.1
Va 50.9 68.6 98.4
Tr 51.0 24.5 78.3
Te 51.1 26.5 18.8
Va 51.2 39.8 71.6
Va 51.4 72.4 69.0
Tr 51.6 74.0 23.4
Tr 51.8 68.0 62.0
Va 51.9 67.4 17.0
Va 52.0 81.1 12.5
Tr 52.1 37.1 11.1
Te 52.2 26.2 72.0
Va 52.3 41.0 53.2
Va 52.4 32.8 54.5
Va 52.5 62.5 58.0
Te 52.7 70,1 19.8
Va 52.8 48.8 85.6
Te 52.9 23.5 20.9
Tr 53.0 8.4 21.6
Tr 53.1 92.9 44,6
Tr 53.2 32.4 92.5
Va 53.4 81.9 69.3
Tr 53.5 45.9 17.2
Tr 53.8 16.8 18.3
Tr 53.9 82.2 68.0
Te 54.0 54.0 60.1
Tr 54.1 45.0 80.9
Va 54.2 9.1 85.7
Tr 54.3 84.8 3.0
Va 54.4 37.9 91.5
Va 54.5 13.8 24.7
Te 54.6 97.1 62.1
Tr 54.7 41.8 2,9
Va 54.8 99.6 43.8
Tr 54.9 99.2 19.3
Va 55.0 47.5 1.5
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Tr 55.1 44.8 82.7
Tr 55.2 94.0 64.7
Te 55.3 65.7 31.3
Tr 55.5 68.6 21.4
Tr 55.6 4.6 40.4
Va 55.7 83.5 16.8
Va 55.9 18.1 30.2
Va 56.0 39.4 35.4
Tr 56.2 10.9 85.7
Va 56.3 20.5 21.6
Tr 56.5 56.1 70.1
Va 56.6 72.2 53.3
Va 56.9 90.3 41.3
Tr 57.1 55.2 96.0
Va 57.2 96.9 43,3
Te 57.4 91.4 46.8
Va 57.5 90.1 48.2
Va 57.6 5.9 16.0
Va 57.7 82.8 81.4
Va 57.8 78.5 61.4
Va 57,9 89.9 8.6
Va 58.0 89.5 51.6
Va 58.1 99.4 56.4
Tr 58.2 65.4 50.4
Te 58.3 20,1 53.7
Tr 58.4 20.3 26.3
Tr 58.6 52.5 47.4
Te 58.7 36.9 57.0
Va 58.8 75.0 99.7
Tr 58.9 70.9 33.4
Va 59.0 97.5 81.0
Te 59.1 14.3 32.4
Tr 59.2 66.2 46.6
Tr 59.3 5.0 ." •
Va 59.6 98.6 1.6
Tr 59.7 32.7 7.8
Te 59.8 75.2 54.8
Va 59.9 45.1 57.2
Tr 60.1 66.4 48.4
Tr 60.3 56.7 89.0
Tr 60.4 80.1 35.0
Va 60.6 43.1 40.6
Tr 60.8 81.6 9.7
Tr 60.9 83.4 40.3
Tr 61.0 22.1 43.7
Va 61.1 69.4 39.4
Va 61.2 72.9 59,2
Tr 61.3 46.7 88.9
Tr 61.4 63.3 44.1
Tr 61.5 49.0 30.2
Tr 61.7 43.3 99.4
Va 61.8 20.1 81.1
Va 62.0 62.0 51.8
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Tr 62.1 16.9 31.2
Te 62.2 61.0 25.4
Tr 62.3 35.6 97.7
Va 62.5 91.5 82.3
Tr 62.6 83.6 10.9
Va 62.7 17.2 54.9
Va 62.8 53.0 15.4
Tr 62.9 52.2 27.9
Tr 63.0 34.6 23.3
Va 63.2 49.1 60.7
Va 63.3 34.8 97.0
Te 63.4 76.9 16.6
Va 63.6 23.0 11.7
Va 63.7 73.4 25.1
Tr 63.8 90.9 99.4
Va 63.9 70.2 95.8
Te 64.0 13.6 31.2
Tr 64.1 66.9 94.8
Tr 64.4 65.3 40.3
Tr 64.5 45.9 79.6
Va 64.6 68.7 62,5
Va 64.7 11.5 40.0
Tr 64.8 73.9 55.1
Te 65.0 51.5 78.4
Tr 65.1 -37.0 37.5
Te 65.2 74.3 2.9
Tr 65.3 51.2 92.3
Te 65.4 92.1 30.6
Te 65.5 94.0 83.3
Tr 65.6 83.7 11.8
Te 65.7 84.2 51.2
Tr 65.8 31.8 96.6
Va 65.9 97.0 29.5
Va 66.0 74.8 25.5
Va 66.1 78.8 10.8
Tr 66.2 63.9 30.9
Va 66.3 5.5 32.0
Te 66.4 51.5 83.7
Te 66.5 96.9 18.9
Va 66.7 77.9 56.1
Tr 66.8 25.0 28.5
Va 66.9 59.7 44.7
Te 67.0 7.4 71.4
Va 67.2 7.5 80.5
Va 67.3 94.6 93.7
Va 67.4 50.4 22.5
Tr 67.5 62.8 81.0
Tr 67.7 3.3 29.5
Te 67.9 5.2 41.0
Tr 68.0 60.5 66.6
Va 68.1 23.3 93.7
Va 68.2 39.2 40.7
Va 68.3 16.8 90.2
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Te 68.4 6.9 86.4
Te 68.5 91.6 96.7
Te 68.6 93.7 67.8
Va 68,7 34.2 18.0
Tr 68.9 87.7 11.5
Tr 69.1 40.3 32.2
Tr 69.3 11.7 14.0
Va 69.4 73.6 8.0
Va 69.5 20.0 28.4
Va 69.6 35,9 74.8
Tr 69.8 70.8 1.9
Va 69.9 53.2 98.5
Va 70.0 30.9 33.7
Te 70.1 72.2 31.7
Tr 70.3 55.9 90.0
Tr 70.4 8.2 15.9
Va 70.5 5.9 49.6
Tr 70.7 46.2 26.2
Tr 70.8 69.3 10.7
Tr 70.9 40.8 85.9
Tr 71.0 53.0 19.5
Te 71.1 34.3 20.7
Tr 71.2 7.8 16.5
Tr 71.3 28.2 3.4
Tr 71.4 29.0 45.5
Va 71.5 2.8 72,1
Va 71.8 54.8 29,3
Te 71.9 11.9 59.9
Va 72.0 29.6 38.1
Tr 72.2 22.7 77.3
Tr 72.4 32.5 39.7
Va 72.5 46.2 83.0
Va 72.6 50.9 -1 .•
Te 72.7 90.2 61.7
Tr 72.8 97.3 11.0
Va 72.9 79.6 27.5
Va 73.0 91.3 74.4
Tr 73.1 11.7 65.9
Tr 73.3 61.7 76.1
Tr 73.4 36.2 10.3
Te 73.5 48.7 77.4
Tr 73.6 47.0 10.1
Tr 73.9 31.9 62.0
Va 74.0 24.9 4.0
Tr 74.2 17.9 63.1
Tr 74.3 86,4 -,•.-.
Va 74.5 69.5 <i -.
Va 74.7 63.4 20.3
Va 74.8 13.8 83.1
Tr 74.9 39.8 12.4
Te 75.0 91.9 78.1
Tr 75.1 25.4 18.9
Va 75.2 40.3 98.1
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Tr 75.3 93.5 53.2
Tr 75.4 38.5 91.2
Va 75.5 88.6 10.8
Tr 75.6 18.3 44.8
Te 75.7 2.7 35.5
Va 75.8 94.8 68.2
Te 75.9 59.4 16.7
Tr 76.0 12.7 45.5
Te 76.1 22.2 7.4
Tr 76.2 6.0 94.8
Va 76.5 84.6 73.3
Va 76.6 69.1 49.3
Te 76.7 8.8 7.1
Tr 76.8 17.2 17.6
Tr 76.9 74.5 48.8
Te 77.0 60.1 53.9
Tr 77.1 5.7 17.7
Va 77.2 68.1 93.0
Tr 77.3 53.8 85.3
Tr 77.5 48.1 35.4
Tr 77.6 60.2 83.5
Tr 77.8 43.4 5.7
Tr 78.0 67.8 76.4
Va 78.1 72.5 72.3
Va 78.2 17.9 6.8
Va 78.3 71.7 45.4
Va 78.4 27.8 97.9
Tr 78.5 68.5 79.0
Va 78.7 46.3 43.4
Va 78.8 4.3 25.5
Tr 78.9 57.2 84.7
Va 79.0 62.5 42.2
Va 79.1 44.1 68.3
Te 79.2 63.5 47.8
Te 79.3 46.5 18.3
Va 79.4 61.8 94.2
Va 79.5 72.0 7.6
Tr 79.6 23.1 64.2
Te 79.9 86.8 35.5
Tr 80.1 65.3 86.3 .
Va 80.3 25.8 81.9'
Va 80.4 38.3 73.8
Va 80.6 76.1 72.5
Va 80.8 1.9 31.7
Va 80.9 20.8 94.0
Va 81.0 15.0 64.0
Tr .81.1 83.0 7.8
Tr 81.2 23.3 38.3
Va 81.4 51.3 28.9
Va 81.7 54.6 35.2 '
Tr 81.8 7.3 31.6
Tr 81.9 19.4 28.1
Te 82.0 2.1 36.4
Tr 82.2 89.8 75.5 :
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Tr 82.3 63.7 15.6
Te 82.4 52.2 74.2
Tr 82.5 41.8 65.2
Va 82.6 23.3 80.6
Tr 82.7 82.1 37.4
Va 82.8 62.2 88.7
Va 82.9 57.8 96.5
Va 83.1 79.9 24.9
Va 83.2 75.4 45.9
Te 83.3 41.5 51.4
Tr 83.4 1.8 23.8
Tr 83.7 47.5 52.5
Tr 83.9 79.6 82.4
Tr 84.0 47.6 60.2
Tr 84.1 99.7 31.3
Tr 84.6 27.1 80.4
Va 84.7 40.8 38.8
Te 84.8 24.3 :. 4
Va 84.9 72.7 76.0
Tr 85.0 15.6 45.2
Va 85.1 93.3 77.5
Tr 85.2 100.0 61.9
Te 85.4 30.6 2.6
Va 85.5 47.3 82.5
Va 85.7 37.0 16.5
Te 85.8 97.8 49.1
Va 85.9 50.7 30.1
Tr 86.1 57,1 15.3
Va 86.2 36.3 95.0
Tr 86.3 70.1 28.1
Va 86.4 63.6 79.1
Tr 86.5 40.1 25.4
Va 86.8 24.2 58.5
Va 86.9 47.4 50.3
Va 87.0 24.6 78.8
Te 87.1 81.5 75.2
Tr 87.2 51.0 84.9
Va 87.3 80.4 91.9
Tr 87.4 47.7 25.2
Tr 87.6 25.8 38.6
Va 87.7 51.2 20.8
Tr 87.8 13.6 30.0
Va 87.9 6.2 4.9
Va 88.0 93.4 59.6
Te 88.1 55.8 38.9
Tr 88.2 95.3 40.2
Va 88.3 54.2 57.5
Tr 88.4 33.3 97.3
Va 88.5 61.8 97.9
Tr 88.6 65.0 13.6
Va 88.7 10.3 47.3
Te 88.8 74.6 41.1
Te 88.9 4.3 49.3
Te 89.0 j 45.7 29.6
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Tr 89.3 52.6 73.5
Va 89.4 89.0 18.6
Va 89.5 32.8 94.6
Va 89.8 58.1 95.9
Va 89.9 43.8 8.5
Tr 90.0 14.4 58.9
Tr 90.1 48.2 80.9
Tr 90.3 78.8 31.8
Va 90.4 28.3 17.4
Tr 90.5 94.5 15.9
Va 90.6 38.0 85.4
Va 90.8 25.3 49.7
Va 90.9 51.4 52.5
Tr 91.0 93.3 28.1
Va 91,3 48.9 26.3
Tr 91.4 56.4 98.5
Tr 91.6 83.6 45.1
Va 91.8 21.3 1.6
Te 91.9 22.8 97.1
Va 92.0 77.0 5.5
Va 92.1 53.6 77.2
Te 92.4 87.8 24.2
Tr 92.5 62.8 29.1
Te 92.6 28.8 8.2
Te 92.7 63.5 56.9
Tr 92.9 19.1
Va 93.0 45.3 81.7
Va 93.1 75.1 9.4
Va 93.3 6.3 67.0
Va 93.4 81.4 38.7
Te 93,5 79.8 14.9
Tr 93,6 20.5 46.3
Tr 93.7 98.5 98.0
Va 93.8 91.2 82.2
Tr 93.9 84.8 58.9
Te 94.0 75,7 29.2
Tr 94.1 14.6 27.0
Tr 94.2 45.0 40.4
Te 94.4 57.6 53.9
Tr 94.5 4.0 93.6
Te 94.6 80.4 61.9
Te 94.7 88.3 30.5
Va 94.8 62.8 59.9
Tr 94.9 94.7 38.1
Tr 95.0 77.2 66.8
Te 95.1 21.0 6.6
Va 95.2 34.1 19.7
Tr 95.3 82.9 2.6
Va 95.4 69.2 17.3
Tr 95.5 71.2 51.0
Tr 95.6 62.9 86.3
Te 95.7 37.5 77.0
Va | 96.0 | 49.0 4.8
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Te 96.2 3.9 14.8
Va 96.3 55.6 99.7
Va 96.4 84.4 25.3
Tr 96,7 8.2 28.9
Tr 96.8 95.8 51.8
Tr 97.0 80.1 15.4
Va 97.1 31.3 32.2
Tr 97.2 34.2 68.5
Va 97.3 40.3 66.3
Tr 97.5 49,5 65.3
Va 97.6 73.6 81.3
Va 97.7 21,6 52.9
Va 97.8 99.1 56.5
Va 97.9 41.7 3.4
Te 98.0 21,7 89.2
Va 98.1 49.7 51.5
Tr 98.2 18.0 58.4
Te 98.3 33.1 56.0
Tr 98.5 30.2 95.4
Tr 98.7 55.6 15.1
Tr 98.8 94.6 69.7
Tr 99.1 44,5 48.6
Tr 99.3 13.1 11.4
Va 99.4 57.5 41.0
Va 99.6 27,4 29.9
Va 99.7 6.0 94.9
Va 99.8 76,2 24.8
85
APPENDIX C
OUTPUT DATA OF NEURAL NETWORK (P, I AND D TARGET)
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3.5 51.0 12.5 3.5 21.0 73.2 3;s 21.0 32.1
3.5 21.0 78.9 3.5 51.0 12,1 3.5 21.0 6,0
3.5 21.0 50.6 3.5 51.0 8.6 6,5 51.0 2.2
3.5 21.0 38.8 3.5 51.0 6.3 3.5 21.0 43,9
3.5 21.0 38.8 3.5 51.0 15.0 3.5 21.0 4.0
1.0 1.0 38,8 3,5 27.0 13.2 3,5 21.0 6.5
3.5 21.0 64.1 3.5 21.0 15.4 3,5 21.0 6.5
4.0 51.0 4.7 1.0 1.0 15.4 3.5 21.0 7,5
3.5 21.0 39.5 3.5 51.0 7.7 3.5 21.0 8.5
3,5 21.0 17.9 3.5 27.0 10,1 3.5 21.0 9.5
3.5 21.0 18.9 4.5 51.0 4.3 3.5 21.0 4.8
1.0 1.0 18.9 3.5 51.0 9.2 3.5 21.0 5.8
3.5 21.0 18.9 3.5 21.0 10.2 3.5 21,0 6.8
5.5 51,0 2.3 3,5 21.0 5.7 3.5 21.0 27.8
3.5 21.0 14.7 3.5 51.0 10.7 3.5 21.0 27.8
3.5 21.0 15.7 3.5 21.0 11.7 3.5 21.0 3.0
4.5 51.0 2.6 3.5 51.0 5.9 3.5 21,0 4.0
3,5 21,0 41.4 3.5 27.0 7.9 3.5 21.0 5.0
3,5 51.0 6.2 3.5 21.0 29.9 3.5 21.0 5.0
3.5 21.0 13.8 3.5 51.0 7.7 3.5 21.0 7.4
3.5 21,0 14.8 3.5 21.0 8,7 3.5 21.0 31.9
1.0 1.0 14.8 1.0 1.0 8.7 3.5 21.0 3.6
3.5 27.0 9.4 3.5 21.0 8.7 3.5 21.0 34.8
3.5 21.0 45,0 3.5 51.0 6.6 3.5 21.0 13.3
3.5 21.0 45.0 1.0 41.0 7.6 3.5 21.0 14.3
3.5 21,0 4.1 3.5 21.0 7,6 3.5 21.0 14,3
3,5 21.0 13.4 3,5 21.0 8.6 3.5 21,0 14.3
1.0 1.0 13.4 3.5 21.0 9.6 3,5 21.0 14.3
3.5 51.0 4.3 3.5 21.0 21.3 3,5 21.0 14.3
3.5 21.0 4,3 1.0 1.0 21.3 3.5 21.0 14.3
3.5 21.0 5.3 3.5 21.0 21.3 3,5 21.0 14.3
1.0 1.0 5.3 3.5 21.0 11,5 3.5 21.0 14,3
3,5 21.0 5.3 3.5 21.0 12.5 3.5 21,0 14.3
1.0 1.0 5.3 3.5 21.0 8,8 3.5 21.0 8.4
3.5 27.0 8.8 3.5 21.0 6.9 3.5 21.0 8.4
3.5 21.0 6,9 3.5 21.0 6.9 1.0 19.0 8,4
3.5 21,0 6.9 3.5 21.0 6.9 3.5 21,0 8.4
3,5 21.0 6.9 3.5 21.0 6.9 3,5 21.0 8.4
3.5 21.0 6.9 3.5 21.0 6.9 3,5 21.0 5.1
1.0 1.0 6.9 3.5 21.0 13.1 3.5 21.0 5.1
3.5 21.0 7.9 1.0 1.0 13.1 3.5 21,0 25.9
1.0 19.0 7.9 3.5 21,0 13.1 3,5 21.0 23.2
3.5 21.0 4.7 1.0 1.0 13.1 3.5 21.0 23,2
1.0 1.0 4,7 3.5 21.0 21.0 3.5 21,0 22.7
3,5 21.0 4.8 3.5 21.0 5.1 3,5 21.0 22.7
1,0 1.0 4.8 3.5 21.0 3.5 3.5 21.0 22.7
3.5 21,0 5.8 1.0 1.0 3.5 3.5 21.0 22.7
3.5 21,0 6.8 1.0 1.0 3.5 3.5 21.0 22.7 •
1.0 1.0 0.1 1.0 1.0 3.5 3,5 21.0 17.0
1.0 1.0 0.1 1.0 -1.0 3.5 3,5 21.0 35.4
1.0 1.0 O.I 3.5 21.0 15,8 3.5 21.0 11.6
3.5 21.0 28.9 3.5 21.0 16.8 3.5 21.0 11,6
3.5 21.0 29.9 3.5 21,0 17.8 3.5 21.0 11.6
3,5 21.0 30.9 3.5 51.0 4.0 3.5 21.0 11.6





3.5 21.0 8.2 3.5 21.0 14.3
3.5 21.0 38,0 3.5 21.0 14.3
4,5 51.0 2.6 3.5 21.0 4.6
5.0 51.0 2.0 3.5 21.0 4.6
3.5 21.0 4,0 1.0 1.0 4.6
3.5 21.0 5.0 1.0 -1.0 4.6
3.5 21.0 6.0 1.0 15.0 4.6
3.5 21,0 19.0 1.0 17.0 4.6
3.5 21.0 14.7 1.0 17.0 4.6
3.5 21.0 28.9 3,5 21.0 18.5
3.5 21.0 27.6 3.5 21.0 18.5
3.5 21.0 3.9 3.5 21.0 18.5
3,5 21.0 14.4 3.5 21.0 4,9
3.5 21.0 26.5 3.5 21.0 11.0
3.5 21.0 26.5 3.5 21.0 11.0
3.5 21.0 27.5 3.5 21.0 11.0
3.5 21.0 27.5 3.5 21.0 26.0
3.5 21.0 27,5 3.5 21.0 26.0
3.5 21.0 17.9 3,5 21.0 26,0
3.5 21.0 7.8 3.5 21,0 26.0
3.5 21.0 7.8 1,0 1.0 0.1
3.5 21,0 10.1 5.5 51.0 1.1
3.5 21.0 10.1 1.0 1.0 1.1
3.5 21.0 10.1 1.0 1.0 1.1
3,5 21.0 11.1 3.5 21.0 4.3
3.5 21.0 12.1 3.5 21.0 19.1
3.5 21.0 23,5 3.5 21.0 19.1
3.5 21.0 23.5 3.5 21.0 20,1
3.5 21.0 23.5 3.5 21.0 20,1
3.5 21.0 24.5 3.5 21.0 20.1
3.5 21.0 24.5 3.5 21.0 30.0
3.5 21.0 24,5 3.5 21.0 30.0
3,5 21.0 29.2 3.5 21,0 30.0
3.5 21.0 21.2 3.5 21.0 20.9
3.5 21.0 21.2 3.5 21.0 21.9
3.5 21.0 22.2 3.5 21.0 31.0
3.5 21.0 22.2 3.5 21.0 31.0
3.5 21.0 20.0 1.0 1.0 0.1
3,5 21.0 20.0 1.0 1.0 0.1
3.5 21.0 14.5 3,5 21.0 20.7
3.5 21.0 14.5 4.5 51.0 2.9
3.5 21.0 14.5 3.5 21.0 3.9
3.5 21.0 14.5 3.5 21.0 4.9
3.5 21.0 4.0 3.5 21.0 4,9
1.0 19,0 4.0 4.0 51.0 3.5
3.5 21.0 4.0 3.5 21.0 3.9
3.5 21.0 5.0 3.0 19.0 3.9
3.5 21.0 24,9 3.5 21.0 14.1
3.5 21.0 24,9 3.5 21.0 5.7
3.5 21.0 19.4 1.0 17.0 5,7
3,5 21.0 19.4 3.5 21.0 9.1
3.5 21.0 19.4 3.5 21.0 26,8
3.5 21.0 19.4 3.5 21,0 17.0
3.5 21.0 39.9 3,5 21.0 17.0
3.5 21,0 39.9 3.5 21.0 18.0




3.5 21.0 37,1 3.5 21.0 22.6
3,5 21.0 28.5 3,5 21.0 5.9
3.5 21.0 28.5 3.5 21,0 5.9
3.5 21.0 23.9 3.5 21.0 5.9
3.5 21.0 23,9 3.5 21.0 5.9
3.5 21.0 1.8 3.5 21.0 2.9
1.0 1.0 1.8 1.0 19.0 2.9
3.5 21,0 2.8 1.0 19.0 2.9
3.5 21.0 39,6 3.5 21.0 3.9
3.5 21.0 10.4 1.0 19.0 3.9
1.0 1.0 0.1 3.5 21.0 4,9
1.0 1.0 0.1 3.5 21.0 18.2
3.5 21.0 5.2 3.5 21.0 38,2
1.0 19.0 5.2 3.5 21.0 8.5
3,5 21.0 5.2 3.5 21.0 33.8
3.5 21.0 38,7 3.5 21.0 33.8
3.5 21.0 38.7 3.5 21.0 18.6
3,5 21.0 4.0 3.5 21.0 33.8
3.5 21.0 28.2 3.5 21.0 34.8
3.5 21.0 27,4 3.5 21.0 29,9
3.5 21,0 18.6 3.5 21.0 3.1
3.5 21.0 31.3 4.5 51.0 2.5
3.5 21.0 31.3 5.0 33.0 1.6
3.5 21,0 6.0 3.5 21.0 28.4
1.0 19.0 6.0 3.5 21.0 44.4
3.5 21.0 36.0 3.5 21.0 49.1
3.5 21.0 36,0 3.5 21,0 49.1
3.5 21.0 29.9 3,5 21.0 49.1
3,5 21.0 13.2 3,5 21.0 24.8
3.5 21.0 13.2 3,5 21.0 24.8
3.5 21.0 39.6 3.5 21.0 24.8
3,5 21.0 24.7 3.5 21.0 7.0
3.5 21.0 24.7 3.5 21.0 37.8
3.5 21.0 36,1 3.5 21.0 37.8
3.5 21.0 15,5 3.5 21.0 37,8
3.5 21.0 6,5 3.5 21.0 37.8
3.5 21.0 3.1 3.5 21.0 37.8
3.5 21.0 16.2 3.5 21.0 37,8
3.5 21.0 16.2 3,5 21.0 37.8
3.5 21.0 3.0 3.5 21.0 17,6
1.0 17.0 3.0 3.5 21.0 17.6
1.0 19.0 3,0 3.5 21.0 23.8
1.0 17.0 3.0 3,5 21.0 45.4
3.5 21.0 3.0 3.5 21.0 2.3
1.0 17.0 3.0 1,0 19.0 2.3
1.0 17.0 3.0 3.5 21.0 42.6
1.0 17.0 3,0 3,5 21.0 42.6
3.5 21.0 20.0 3.5 21,0 1.2
3.5 21.0 21.0 3.5 21,0 36.4
3,5 21.0 22.2 3.5 21.0 36.4
3.5 21,0 22.2 3.5 21.0 7.6
3,5 21.0 14.3 3,5 21.0 7.6
3,5 21.0 14.3 3.5 21.0 7.6
3.5 21.0 21.6 3.5 21.0 19.2
3.5 21.0 3,8 3.5 21.0 20.2
3.5 21.0 17.9 3,5 21.0 56.2
91
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3.5 21.0 17.9 3,5 21,0 56.2
3.5 21.0 17.9 3.5 21.0 56.2
3.5 21.0 40.3 3.5 21.0 39.9
3.5 21.0 40.3 3.5 21.0 39.9
5.5 51.0 1.0 3.5 21.0 39.9
3.5 21.0 46.5 3.5 21.0 45.6
3.5 21.0 46.5 3.5 21.0 36.6
3,5 21.0 46,4 3.5 21,0 37.6
3.5 21.0 46,4 3,5 21.0 33.6
3.5 21.0 23.8 3.5 21.0 34.6
3.5 21.0 11.9 3.5 21.0 21.6
3.5 21.0 11.9 3.5 21,0 46.4
3.5 21,0 11.9 3,5 21.0 20.9
3.5 21.0 11.9 3.5 21.0 21.9
3.5 21.0 39.6 3,5 21.0 22.9
3.5 21.0 49.4 3.5 21.0 5.4
3.5 21.0 47.3 1.0 19.0 5.4
3,5 21,0 24,3 3.5 21.0 53.2
3.5 21.0 10,9 3.5 21.0 54.2
3.5 21.0 10.9 3.5 21.0 5,3
3.5 21.0 30.2 3.5 21.0 5.3
3.5 21.0 30.2 3.5 21.0 29.7
3.5 21.0 51.3 3.5 21,0 56.5
3.5 21.0 7.3 3.5 21.0 43.7
3.5 21.0 46.6 3.5 21.0 27.8
3.5 21.0 46.6 3.5 21.0 35.7
3.5 21.0 46,6 3.5 21.0 23.3
3.5 21.0 46.6 3.5 21.0 50.5
3,5 21.0 54.7 3.5 21.0 48.5
3.5 21.0 54.7 3.5 21,0 21.3
3.5 21.0 1.6 1.0 15.0 21.3
3.5 21.0 17,3 3.5 21.0 52.2
3.5 21.0 18,0 3.5 21.0 43.5
3,5 21.0 18.0 3.5 21.0 43,5
3.5 21.0 18.0 3.5 21.0 3.3
3.5 21.0 12.5 3.5 21.0 3.3
3.5 21.0 44,2 1.0 19.0 3,3
5.0 51.0 2.1 3.5 21.0 3.3
3.5 21.0 3.1 3,5 21.0 33.6
3.5 21.0 4.1 3.5 21.0 33.6
1.0 1.0 0.1 3.0 21.0 49.0
1.0 1.0 0,1 3.5 21.0 53.8
1.0 1.0 0.1 3.5 21.0 53.8
3.5 21.0 4.2 3.5 21.0 30,3
1.0 19.0 4.2 3.5 21,0 38.7
3,5 21.0 4.2 3,5 21.0 38.7
3.5 21,0 32.2 3.5 21.0 18.9
3.5 21,0 48.2 3.5 21.0 18.9
3.5 21.0 13.9 3.0 21.0 41,7
3.5 21.0 26,7 3.5 21.0 48.7
3.5 21.0 27.7 3.5 21.0 49.7
3,5 21.0 27.7 3.5 21.0 26.4
3.5 21,0 43.5 3.5 21.0 3.1
3.5 21.0 12.3 3.5 21.0 4.1
92
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RESULT OF ANOVA TEST
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22312047 2 8192959 0.0377848 2.6106832
791.40494








Xount - ' 15um*"S^ffierage^J&Y<iri(ffiW^
772 39177 3 50 747798 762 81435
333 16630.6 49.941742 744.05521
333 17103.7 51.362462 733.45404
106 5446.9 51.385849 917.54846










Anova: Single Factorvariable c
SUMMARY






772 39743 6 51481347 830.68442
333 17238 51.765766 884.0219
333 17237.7 51.764865 813.35271
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